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INTRODUCTION.

In a series of short papers appearing at irregular intervals sinece 1895, the
writer has attempted to present some of the more important facts relating to
the structure and oceurrence of certain of the American Triassic Ichthyo-
sauria. In the earlier stages of this work the known material was scanty and
generally fragmentary, and it has not been possible in every case satisfaetorily
to determine the structure or the exact relationships of forms described. With
a great inerease in the quantity of material in the last few years, it scems
advisable to bring together all available information relating to the Ameriean
genera, and to consider this body of faet in relation to what is known of the
earliest ichthyosaurs of other regions, as also in relation to the general problem
of the evolution of this peculiar reptilian order.

Some of the questions here discussed might be considered to better advan-
tage by workers more intimately acquainted with the extensive eolleetions of
European ichthyosaur material. The writer has, however, been emboldened to
attempt generalizations bearing on the work of other investigators in this field,
after eonsideration of the faet that the West-American eollections at the pres-
ent time seem to represent the largest part of the known Triassic material, and
that as vet no other investigator has examined both the European and the
American collections.

The investigation has been eonsiderably delayed by the diseovery of a new
group of marine reptiles, the Thalattosanria, which it was necessary to under-
stand before the trne iehthyosaurian remains could be satisfactorily separated
for study. Continued diseoveries of ichthyosaurian material have also made
it advisable to postpone publication until the new specimens eould be examined.
Even in its present stage the paper here presented can be eonsidered as no
more than a report of progress, as new material and additional information
regarding the structure and affinities of the Triassie forms are constantly being
obtained. '

The material upon which the studies of the Ameriean Triassic ichthyosaurs
are based ineludes over fifty specimens, cach of whieh represents a consider-
able part of the skeleton; also a large quantity of more fragmentary material.
These collections have been brought together by ten expeditions sent out by
the University of California between 1901 and 1907. The material now at
hand has been accumulated and made available for scientific stndy largely
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through the unflagging interest of Miss Annie M. Alexander, who has fur-
nished the financial support for nearly all of the expeditious, and has most
energetically assisted in insuring their success. The largest share of the direc-
tion of field work has been carried by Mr. E. L. Furlong, who has also prepared
and mounted practically all of the specimens represented in the illustrations of
Californian material in this paper.

In the initial stages of the work the writer was greatly indebted to Presi-
dent Benjamin Ide Wheeler of the University of California, throngh whose
support it was made possible to extend the scale of the investigation so as to
cover the broader ficld of the evolution of the Ichthyosauria as a whole.

In the field work carried on in connection with the investigation of the oc-
currenee and age of the Triassie ichthyosaurs, the writer has been particnlarly
indebted to Professor James Perrin Smith, whose knowledge of the inverte-
brate faunas has furnished a most valnable basis for correlation.

While working on the Ichthyosauria the writer has on several occasions
visited nearly all of the American museums in which material of this group is
available. The principal collections of European Jurassie ichthyosaurs have
also been reviewed, and most of the described specimens from the Kuropean
Triassie were examined.

In the course of this investigation the writer has been indebted to a num-
ber of the prineipal museums of this country and of Europe for the use of com-
parative material. For eourteous co-operation in farthering the work of com-
parison, the writer is especially grateful to Dr. A. Smith Woodward and Dr. C.
W. Andrews of the British Museum of Natural History ; to Professor E. Fraas
of the Konigliches Naturalien-Cabinet in Stuttgart; and to Dr. I. von Huene
and Professor E. Koken of the Geologisch-mineralogisches Imstitut in Tiibin-
gen. The use of several valuable specimens in the museumn of the Polytechni-
kum at Ziirich, was kindly permittedby Professor Albert Heim; Dr. W. J.
Holland kindly allowed the use of a photograph of the remarkably complete
ichthyosaurian specimen in the collections of the Carnegie Museum. In work-
ing over the subjeet of evolution of the Ichthyosauria as a whole, the use of the
collections of Baptanodon material in charge of Mr. W. H. Reed at the Uni-
versity of Wyoming, and of the types described by Mr. Gilmore at the Carnegie
Museum, has been particularly helpful.

The majority of the drawings represented in the plates, also a number of the
text figures, were prepared by Mrs. Grace Ballantine. The larger portion of the
text figures and several of the plates, including most of the representations of
vertebrae, were drawn hy Mr. A. J. Heindl.

JOHN C. MERRIAM.

UNIVERSITY OF CALIFORNIA,
FEBRUARY, 1908.
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HISTORICAL REVIEW OF LITERATURE.

The carliest reported discoveries of Triassic ichthyosanrian remains were
made known by Herman von Meyer and by (t. Curioni in 1847. The material
available for von Meyer’s studies consisted of a few teeth and vertebrae, and
an imperfect sketeh of a sanrian found at Reiflingen in Steyermark in 1843 hy
Professor Pranger. Von Meyer knew also of a vertebra from Ettersberg near
Weimar. These specimens were mentioned by von Meyer principally because
of their occnrrence in beds considerably older than those in which the typical
ichthyosanrs were known. . Nothing particularly characteristic was noted in
their structure, and the Reiflingen specimen was compared with Cuvier’s fig-
nred speeimens deseribed as Iehthyosaurus platyodon.

In the same year in which von Meyer announced his discovery of Triassic
ichthyosaurian remains, G. Curioni gave notice of the oceurrence in the bitu-
niinous shales of Besano, of a form which he referred to Ichthyosaurus com-
muns.,

In 1852 fragmentary specimens from the Wellendolomit of the Black For-
est, inclnding a vertebra, some paddle bones, and a jaw fragment with teeth,
were deseribed under the name of Ichthyosaurus atavus hy Quenstedt.

In 1855 von Meyer deseribed from the Muschelkalk of Ober-Schlesien a
vertebra which resembled a dorsal of an iehthyosaurian. In connection with
the deseription of this specimen reference was made to a somewhat similar ver-
tebra described (Palaeontographica Bd. 1, p. 253, Taf. 29, fig. 55) from Larishof
in Ober-Schlesien. This vertehra seemed to show a natural perforation of the
centrum. Accompanying it there is figured a vertebra with a central perfora-
tion of the ecentrum, and with a broad nnexcavated margin surrounding the
deeply concave middle region of the articular face. In 1856 von Meyer gave
a brief deseription of two vertebrac from the Koessner beds of Sehleimser
Joch in Achenthal and noted their resemblance to Ichthyosaurus tenuiros-
tris. Up to this time no evidence had been obtained which tended to show
that the Triassic forms were materially different from the typical Jurassic
ichthyosanrs.

In 1868, and before the true nature of any European Triassi¢ ichthyo-
saurian had been made clear, Leidy deseribed the first known specimens from
America. Though the material at Leidy’s command was very fragmentary,
the distinguishing characters of the type they represent could have heen made
ont had some of the enveloping limestone been removed. The characters re-
ferred to in the original deseription were principally those of ordinal value.
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In 1873 Hulke described the first ichthyosaurian remains known from Spitz-
bergen, referring them to Ichthyosawrus. of whieh two species, I. polaris and I.
nordenskioldii were deseribed. It is apparent from Hulke’s description that
the single-headed character of the ribs in the dorsal region was recognized, but
no special value was assigned to it. The same material was worked over again
by Dames in 1895, and assigned to the genus Mirosaurus. Curiously enough,
Dames failed to aceept the statement that single-headed ribs of this character
oceurred in Shastasaurus, and assumed that the ribs must be double-headed as
in Mirosaurus, of which he appears to have had little available information.

In 1873 Sauvage described from the Rhaetic of Saone-et-Loire in France two
types of vertebrae designated as Ichthyosaurus rheticus and I. carinatus. In
1876 these species were figured and more fully deseribed by Sauvage, there be-
ing, however, only fragmentary material available. In the same publication,
Sauvage described under the name Rachitrema pellati a form represented by
a vertebral arch, a seapula, and several fragmentary arch and limb bones.
Rachitrema was referred by Sauvage to the Dinosauria, but was later referred
to the Ichthyosauria.

The deseription of a Triassie ichthyosaurian species, Ichthyosaurus cornal-
tanus, from the bituminous shales of Besano in northern Italy, by Bassani in
1886, marked the beginning of the first studies of the forms in whieh sufficient
material was available for satisfactory investigation of the skeletal characters.

In 1887, shortly after the deseription of the Besano specimen by Bassani,
Baur (1877, 1) published his brief but important note on the structure of the
limbs of the Ttalian specimens. It was then for the first time clearly shown that
the ichthyosaurian limb in the Triassic stage of development was much farther
away from the fish type than were the limbs of the succeeding Jurassie forms.
The form of the limb elements was somewhat exaggerated in Baur’s figures,
and his suggestion eoncerning the origin of the outer element in the mesopodial
region in the limb of Baptanodon is perhaps overstated, but his fundamental
theoryv was correct. Baur set aside the Triassic ichthyosaurs with elongated
epipodial elements separated by a ecleft as a distinet genns, Mirosaurus, and
divided the Ichthyosauria into three families; the Mixosavribar with elon-
gated and separated epipodial bones and differentiated dentition; the IcHTHY-
OSAURIDAE with short epipodials which toueh each other, and numerous teeth of
nearly uniform shape; the BArTANOPONTIDAE with three epipodial elements, and
no teeth.

In 1891 Fraas deseribed and figured several jaw fragments, a humerus, and
a number of vertebrae from the Wellendolomit of South Germany, referring all
of these specimens to Mirosaurus atavus (Quenstedt). Attention was called to
the contrast between the depressed crowns of the posterior teeth and the slen-
der conical erowns of those farther forward in the jaw. The insertion of the
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teeth was also found to differ from that in Ichthyosaurus, inasmuch as the
fangs were set into the jaw instead of vesting in an open groove. The sep-
arate zygapophysial facets of the vertebrae were shown to be placed in in-
tersecting planes, in contrast to the facets in Ichthyosaurus, where they are
brought into the same plane and united medially. The vertebral centra were
found to he deeply biconcave, and to be perforated by the chorda dorsalis in the
caudal region. The specimens referred to M. atavus were divided into two
varieties, major and minor.

In 1895 Merriam deseribed the genus Shastasaurus from the Upper Triassic
of northern California. The type specimen consisting of eight connected verte-
brae, an arch bone and several ribs was distinguished from other genera by the
thickened neural spines of the vertebrae, the single-headed dorsal ribs and the
peculiar form of the eoracoid. The element held to be a coracoid by the writer,
and by all others who have expressed an opinion as to its charaeter, was found
later to be a pubis quite different froin any known ichthyosaurian element.
The vertebrae and ribs were from the posterior dorsal region.

In 1902 the description of the Californian Triassic ichthyosaurs was contin-
ued by Merriam with better material available. From these specimens it was
possible to determine the prineipal characters of the skeleton, excepting the an-
terior portion of the skull and the phalangeal region of the paddles. The ma-
terial was also found to represent several specific forms, one of which, Shasta-
saurus perrini, was later removed as a distinet genus, Delphinosaurus. In this
publication Leidy’s types of the Middle Triassie ichthyosaurs of Nevada were
redescribed, and attention was called to their similarity to the shastasaurian
forms. A ecollection of ichthyosaurian material obtained from the Middle
Triassic of Nevada by the University of California before this paper ap-
peared was referred to as apparently representing Cymbospondylus petrinus
of Leidy. This material was stated to show a number of peculiar characters
not recognized in speeimens previously examined.

In November 1902 a fully illustrated paper by Repossi furnished the first
definite information regarding the general skeletal strueture of Mizosaurus.
In Repossi’s figures it was shown that Mirosaurus possessed many primitive
characters that had not been recognized before. It appeared also to be
much more closely related to the American Triassiec forms than had been sup-
posed. Also in 1902, there appeared Yakowlew’s publication on a new find of
ichthyosaurian remains from Spitzbergen, in which the large Spitzbergen
form (Ichthyosaurus polaris of Hulke) was shown to have single-headed dorsal
ribs, and was referrved to Shastasaurus.

In von Huene’s valuable work on the Triassic Reptilia, issued in 1902, there
was given a brief review of the literature on the Ichthyosauria. Von Huene
also presented the first figures of the interclavicle of a Triassiec form, showing
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an interesting evolution from a deltoid Triassic type to the T-shaped element
of the Jurassic ichthyosaurs. New material from the vertebral colummn was
also deseribed and figured.

In 1903 new material from California made possible the deseription of a
complete anterior limb of an American Triassie ichthyosaurian. (Merriam,
1903, 1). In this genus (Leptocheirus Merriam—>Merriamia Boulenger) in-
stead of the primitive pentadacty] strueture of the mixosanrian limb only three
complete digits were represented. Inanother form, Toretocuemus, the hind
limb was fully as large as the anterior one, but thefe were apparently only
three digits and a very rudimentary fourth in the podial region. The pelvis
of Toretocnemus was plate-like, and the pubis perforated by an obturator fora-
men. The middle dorsal vertebrae, unlike those of Shastasaurus and Delphin-
osaurus, supported double-headed ribs.

The first deseription of other than fragmentary remains from the Middle
Triassie of America appeared in 1895 in the discussion of a finely preserved
peetoral areh with the propodial and epipodial limb segments (Merriain,
1905, 2). The shoulder girdle of this form differed from that of any other
known ichthyosaur, and the limb elements appeared to be the most primitive
then known in the Iehthyosauria.

GEOLOGIC AND GEOGRAPHIC OCCURRENCE.

The geographie range of the Triassie ichthyosaurs is remarkably wide al-
most as far back as we can trace the group. KEven from the Middle Triassie,
remains are known from both Europe and western North America. From the
Upper Triassie they are known from these regions, and possibly from others
also. \

Lurope—The oldest known remains of Iehthyosauria are those from the
lower portion of the Muschelkalk of Germany and Switzerland. Fraas (1891,
p. 37) states that the localities in the Swabian Muschelkalk at which speeimens
have been found represent a very eonstant horizon in the Wellendolomit. Un-
fortunately the material obtained consists only of isolated vertebrae, jaw frag-
ments, or other separated parts of the skeleton. As yet no complete skeletons
have been diseovered. "

A small amount of material from the lower Muschelkalk of southwest Ger-
many and northern Switzerland is preserved in the collections of the Koenig-
lichen Naturalien-Cabinet, and in that of the Technische Hoehschule in
Stuttgart, in the Geologiseh-Mineralogisches Institut in Tuebingen, and in the
Polytechnikum in Ziirich. A few specimens of ichthyosaurian vertebrae from
the lower Muschelkalk in North Germany are preserved in the geological Mu-
seum of Talle a. 8.  Of the Swabian loealities where material has heen found in
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the Wellenkalk of the lower Muschelkalk, Fraas has mentioned Rhordorf,
Calw, Aach, and Niederschach. The vertebrae at Ziiriech came from the Well-
endolomit of Laufenberg in Canton Aargan and from Obereggingen. Mate-
rial from the Wellenkalk of Querfurt north of the Harz is in the musenm at
Halle a. S.

From the middle of Muschelkalk of Frevburg a. U. ichthyosaur-like verte-
brae have been obtained.

The upper Muschelkalk of Bayrenth has furnished several valuable speci-
mens, imcluding vertebrae and elements from both pectoral and pelvie arches.

T

0 a0 ‘20 00 80 .0 40 o © Greenwich 40 0 0 wo 10 1.0 180 80

Fig. 1. Outline map of the world, on which the regions where Triassic ichthyosaurian remains have
been found are marked with the letter 7.

Descriptions of some of these specimens will probably appear in the near fut-
ure. Also from the upper Muschelkalk are several vertebrae of ichthyosanr-
ians from Grossreifling in Steiermark. From this loeality . there was also
obtained in 1843 a very large skull with numerous vertebrac and other ele-
ments of the skeleton. This specimen was destroyed by fire in the museum of
Admont in 1863. No careful study of it was made hy a speeialist in vertebrate
palacontology. At the present time there is some uncertainty as to its true char-
acter. H. von Myer (1847, pp. 190 and 191) deseribed it from a sketch, and
from information furnished by others, and compared it with Ichthyosaurus
platyodon. A copy of an old sketeh reproduced by von Arthaher (1896, p. 14)
does not show any characters which indicate other than ichthyosaurian affini-
ties. Other upper Muschelkalk remains, now in the mineralogical museum of
Jena, are known froin beds near Weimar.



14 MEMOIRS OF THE UNIVERSITY OF CALIFORNIA.

Not until the Upper Triassie is reached in Enrope do we find ichthyosanrian
remains which give more than suggestions as to the true nature of the forms
in the Triassic which they represent. The most abundant and important Trias-
sie ichthyosaur material known in Europe is that from the bituminous shales of
Besano in the vicinity of lake Lugano in northern Italy. This horizon has heen
stated to be the equivalent of the Raibl." The Raibl is referred to the Upper
Trias,” but more recent investigations have seemed to show that this horizon may
be somewhat older. The material comprises a number of finely preserved
skeletons exhibiting practieally all parts of the skeletal structure. In addition
there are a number of isolated parts of skeletons which help to interpret some
of the larger specimens. On this material Bassani (1886) hased Ichthyosau-
rus cornalianus, which later became the type of Baur’s (1887) genus Mixo-
saurus.

From the Rhaetie portion of the Upper Trias Sauvage (1876) has deseribed
fragmentary remains apparently representing two speeies of primitive ichthyo-
saurs, Ichthyosaurus vhaeticus and [. (?) carinatus. Vertebrae are also known
from the Swabian Bonebed (von Huene, 1902) and from the Koessner bed of
Achnerthal (von Meyer, 1856). From Rhaetic beds near Bristol, England, a
munber of ichthyvosaurian remains are also reported (Phillips, 1871).

Spitzbergen.—The oceurrence of ichthyosaurian remains in the Triassie
Spitzbergen was made known by Hulke in 1873 in a short paper on some frag-
mentary material obtained by a Nordenskiold expedition in 1864 and 1868.
The remains were referred to Ichthyosaurus by Hulke. Later observation by
Merriam (1902) and Yakowlew (1902) have shown that Hulke’s specimens
were related to Shastasaurus. Dames (1895) supposed them to helong in Miro-
saurus, but was unfortunately not well acquainted with the strueture of that
form, and also misinterpreted the first deseription of Shastasaurus, The orig-
inal material of Hulke’s species was lost after heing studied hy Dames in 1895.

A good fragment of a vertebra, obtained by the Russian-Swedish expedition
in 1899-1901, was deseribed by Yakowlew (1902) and referred to Shastasaurus.

New Zealand.—In 1874 Hector deseribed from New Zealand an ichthyo-
saurian vertebra obtained in a mieaceous sandstone in the Rangitata district
of the provinee of Canterbury. The formation in which it occurred was said to
be identical with other strata considered to he Triassic. }

America.—The oceurrences of Triassie ichthyosaurians in America have
thus far been limited to exposures of the marine Trias in California and Ne-
vada (fig. 2). As in Europe, remains are known from both the Upper and
Middle Triassie, the oldest known specimens eoming from the Middle Trias.
The Upper, Middle and Lower Trias are all three represented in California and

1 Bassani, F., Atti Soe. Ttal. Se. Nat., vol. 29, Milano, 1886.
2 See table on p, 16.
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probably in Nevada also, but the conditions favoring the preservation of fos-
sils are not similar in corresponding horizons of the two regions. TFor this
reason it has chanced that ichthyosaurs are known as yet only from the middle
division of the Trias in Nevada and from the upper division in California. In
the fossiliferous marine Lower Triassic limestones of California and Idaho no
remains of reptiles have yet been obtained, though marine fishes are common in
the Lower Triassic of Idaho.

The geologieal correlation of the marine Triassie of the Pacific Coast region
of Ameriea has been made the subjeet of earveful investigation by Professor

5 Jé\\%\
°
NEVADA
[
124 . |z 120 1se 1e 114

TFig. 2. Sketeh map of northern California and northwestern Nevada, giving oceurrence of Triassie
formations in which ichthyosaurians have been obtained; UT, Upper Triassic; M7, Middle
Triassic.

James Perrin Smith, from whose work on the stratigraphy of the West Amer-
ican marine Trias® the table on the following page has been extracted.

The Upper Triassic beds containing ichthyosaurian remains in California
are largely exposed in Shasta County between the west side of Pit river and
Squaw ereek.! Large exposures form the imposing gray cliffs and peaks along
the top of the prominent series of points known as Brock mountain (pl. 1, fig.
2). The outerops also eross Pit river to the south, and extend to the north in
rather narrow exposures beyond the headwaters of the North Fork of Squaw
ereek. The formation consists principally of the phase known as the Hosselkus
Limestone. It is rather sharply divided lithologically into an upper and a

3 Smith, Jas. Perrin, Festscurift zum siehzigsten Geburtstage von Adolf v. Koenen, 1907.
4+ Diller, J. S., U. 8. Geol. Surv., Redding folio.
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INTERREGIONAL CORRELATION OF THE TRIAS (ADAPTED FROM JAS. PERRIN SMITH)
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lower portion (pl. 1, figs. 2 and 3). The upper part consists of very wmassive,
gray limestones. The lower beds are composed of dark gray or black, some-
what shaly limestones, and bands of calcareous black shales. Below the lower
division are the black Pit Shales of the Middle Trias.

The Hosselkus Limestone contains in its fauna a large number of inverte-
brate forms, of which the greater number of the species are Cephalopoda. 1In
addition to the Ichthyosanria, the vertebrates are represented by the thalatto-
saurian reptiles, and by a few fishes.” A list of the characteristic species wonld
include the following:

Tropites subbullatus Hauer. Arcestes pactficus Hyatt and Smith.
Tropites dillert Smith. Cosmonautilus dilleri Hyatt and Smith.
Discotropites sandlingensis I1aner. Orthoceras shastense Hyatt and Smith.
Sagenttes herbichi Mojsisovies. Halobia superba Mojsisovies.

Juvavites subintermittens Hyatt and Smith.  Terebratula, sp. indet.

Polycyclus henseli Oppel. Rhynchonella, sp. indet.

Arpadites gabbi Hyatt and Smith. Myophoria, sp. indet.

Californites merriami Hyatt and Smith. Thalattosaurus alexandrae Merriam.
Clionites compressus Hyatt and Smith. Thalattosaurus perrini Merriam.
Sandlingites andersoni Hyatt and Smith. Nectosaurus halius Merriam.

Strenites lawsoni Iyatt and Smith. Hybodus shastensis Wemple,
Trachyceras lecontei Hyatt and Smith. dervodus wempliae Jordan.

Hauerites ashleyr Hyatt and Smith.

Ichthyosanrian remains have been found in nearly all horizons of the Hos-
selkus Limestone. They are nowhere very abundant, several years work hav-
ing brought in only about twenty good specimens. They -are most numerous in
the Tropites subbullatus, and Juvavites horizons near the top of the lower di-
vision. In the lower, more shaly beds little material has been found, but the
specimens occurring there were in good state of preservation and the elements
were not badly scattered. In a well-marked bed a short distance helow the top
of the lower division many loose vertebraec and other skeletal elements have
heen found associated with comninuted shells, evidently representing some-
what shallower water than the rest of the deposits. In the massive, gray beds
of the upper Hosselkus Limestone the remains are usually fragmentary and
scattered. Some large specimens showing connected parts of skeletons have,
however, been found there,

As yet the genera Delphinosaurus, Toretocnemus and Merriamia are known
only from the heds some distanee below the top of the lower division, Shasta-
saurus oceurs in hoth lower and upper divisions, but is represented in the
upper beds principally by the gigantic S. careyi.

m. C., The Thalattosauria. Mem. Calif. Aecad. Sei., vol. 5, no. 1.
Wemple, Miss E. M., New Cestraciont Teeth from the West-American Trias.,, Univ. Calif. Publ. Geol., vol. 5,

no. 4.
Jordan, D. S., The Fossil Fishes of California, Univ. Calif. Publ,, vol. 5, no. 7.



18 MEMOIRS OF TIIE UNIVERSITY OF CALIFORNIA.

In the Upper Triassic specimens, excepting in a very few instances, the lime-
stone matrix is cemented to the bones, making the work of preparation more
than ordinarily difficult. In the case of small specimens, etehing with hydro-
chlorie acid has been found advantageous; the blue tint of the mineral viviante
appearing in the bones, making their outlines comparatively distinet.

The Middle Triassic ichthyosaurs of the Pacific Coast region have thus far
been known only from the limestones of the West Humboldt and New Pass
ranges of Western and Central Nevada (fig. 2). Seareh has been made in the
Middle Triassic shales of California but without any definite results.

The most important occurrences are those in the exposures along the east-
ern side of the West Humboldt Range. Wherever the limestones are exposed
bones may occur. The most important finds have been made at Cottonwood,
Buena Vista, Straight, Indian, American, and Fisher cafions. In the south
fork of American Cafion on the two points known as Saurian Hill and Fossil
Hill (pl. 1, fig. 1) skeletons were particularly numerous and well preserved.

The horizon at which the ichthyosaurs of the West Humboldt Range oceur is
apparently a constant one, representing the middle portion of the Middle Tri-
assie. The associated invertebrate fauna as deseribed by James Perrin Smith
includes with others the following characteristie forms:

Daonella dubia Gabb. Ptychites mecks Hyatt and Smith.
Orthoceras dubiwm Gabb. Celtttes halli Mojsisovies.
Atractites eonf. crassirostris Hauer. Monophyllites billingsianus Gabb.
Ceratites trinodosus Mojsisovies. Sageceras gabbr Mojsisovies.
Amnolcites americanus Mojsisovies. Eutomoceras dunni Smith,
Acrochordiceras hyaiti Meek. Joannites gabbi Meek.

Gymmites aff. bosnensis Hauer. Beyrichites rotelliformis Meek.

This fauna is that of the characteristic Ceratites trinodosus horizon, and C.
trinodosus is a common species.

In addition to the Ichthyosauria there have been found in these beds a few
fishes, and some reptilian forms which are as yet only imperfectly known. The
following are the deseribed forms.® .

Aerodus alexandrae Wemple. Hybodus nevadensis Wemple.
Acrodus oredontus Wemple., Omphalosaurus nevadanus Merriam.

The skeletons are in general better preserved in the Middle Triassic beds of
Nevada than in the later limestones of northern California, and are more casily
freed from the matrix. The limestone is often slightly shaly, and is frequently
separated from the bone by a thin film of argillaceous material heavily impreg-
Wisg E. M., New Cestraciont Teeth from the West-American Trias. Univ. Calif. Publ Geol., vol. 5,
no. 4.

Merriam, J. C., Preliminary Note on a New Marine Reptile from the Middle Triassic of Nevada. Univ.
Calif. Publ. Geol., vol. 5, no. 5
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nated with iron oxide. In a few loecalities of comparatively small area the ieh-
thyosaur skeletons are very numerous. The writer is not aware of any local-
ity in other formations at whieh remains of ichthyosaurs are more abundant.

At American Cafion, where the most extensive work has been carried on, the
beds have fortunately been repeated twice by faults, giving a large exposure of
the most fossiliferous strata. In this region, between thirty and forty good
speeimens were obtained on Saurian Hill, and from the same hed repeated on
Fossil Hill farther to the east.

In many ecases there seems to be a eoncretionary formation about the skele-
tons. This is mostly distinetly shown in the ease of the skull, whieh may be en-
elosed in a rounded nodular mass. This structure is notieeable also in follow-
ing the vertebral column, the layer eontaining the vertebrae often pinching out
on both sides of the skeleton. Unfortunately the ends of the limhs seem often
to have extended beyond the nodular envelope, and are not to be found in the
rock immediately outside of it.

The Triassie beds in the New Pass Range are of nearly the same age as those
in the West Humboldt Range. The exosures are not as extensive as in the
West Humboldt Range and the beds are hardly as rieh in fossils.

The following are, aecording to Professor Smith, the most charaeteristie
species of this locality:

Celtites newmart Mojsisovies, Ceucoceras bonae-vistae Hyatt and Smith.
Ceratitcs (Paraceratites) trinodosus Mojsisovies. Arcestes gabbi Meek.
Trachyceras amcericanum Meek. Gymnotoceras blakei Gabb.

In the New Pass Range thirty miles west of Austin and three miles west
of the New Pass mine several parts of ichthyosaurian skeletons were obtained.
The first specimen of a Middle Triassic ichthyosaurian to be deseribed from
America was found at this locality (Leidy, 1868).

The Middle Triassie limestones are represented at other points in Nevada,
and will probably be found to have iehthyosaurian remains more or less abun-
dantly represented in them wherever they oceur.

Though it is probable that the Iehthyosauria had beecome marine forms as
early as Lower Triassic timne, no one has yet sueceeded in obtaining in Amer-
ica any material representing the group from beds lower than the middle divi-
sion of the Trias. The marine Lower Trias of eastern California and partie-
ularly of southeastern Tdaho is very rich in fossils, ineluding eephalapods, with
which ichthyosaurs are elsewhere assoeiated; but as yet no bones have been ob-
tained which ean be referred to reptilian orders. Bones of erossopterygian

fishes are fairly common in these beds’ in assoeiation with eephalapods.
7 Goddard, M., Fish Remains from the Marine Lower Triassic of Aspen Ridge, Idaho. Univ. Calif. Publ.

Geol., vol. 5, no. 8. Also, Evans, H. M., A New Cestraciont Spine from the Lower Triassic of Idaho. Univ.
Calif. Publ, Geol., vol. 3, no. 18.
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The distribution of the Triassie ichthyosaurs, ranging as it does from Europe
and Spitzbergen to western North Ameriea and possibly to New Zealand, ap-
parently indieates that these formns were in existence as a marine type for a con-
siderable period even antecedent to Middle Triassie time. As early as the Mid-
dle Triassie, forms showing a econsiderable degree of specialization were present
in western Europe and in western North America. Even though a wide range
of open sea between these two provinees be presumed to have existed, such a
wide distribution as is seen here could net have been aceomplished in less than a
considerable part of an epoch.

The wide distribution of the Tehthyosauria in Middle Triassie time with the
absence of any known remains from the Lower Triassie makes it diffieult to de-
termine even approximately the place of origin of the group.

GENERAIL SKELETAL STRUCTURE OF THE TRIASSIC
ICHTHYOSAURS.

Though there is much variation in the structure of the iehthyosaunrians
known from the Triassie, and there is good reason for eonsidering them as di-
visible into several natural subgroups, it is also true that they are evidently a
unit or a distinet group, the greater part of the evolution or differentiation of
whieh from the primitive type has taken place in Triassie time. It has there-
fore seemed important for purposes of comparison to econsider the general strue-
ture of all the known forms together. In another portion of this paper the
characteristies of the subgroups are discussed separately.

SKULL.

In all Tehthyosauria, whether from the Triassie or from later periods, there
is a remarkable similarity of general charaeters in the structure of the skull
Though eonsiderable differeneces appear in a comparison of all the known forms,
particularly in contrasting the oldest genera with the most recent ones, these
differences consist in the main of variations in the proportions of parts, and al-
most no radical changes of charaeters such as may oeeur in other parts of the
skeleton are found here. The modifications or variations which present them-
selves during the known history of the group are in the main elosely related to
variations in the length of the elements of the faeial region, or to ehange in the
size of the orbits. The varving characters seem to be almost entirely of the
adaptive type, and indicate a close relationship bhetween the evolutionary
changes in the group and the greatest needs of the animal nnder the partieular
conditions obtaining in its habitat.

The structure of the skull is well shown in the Ttalian mixosaurs, but as yet
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no detailed study of this portion of the skeleton has been carried out in these
specimens, and only the most general observations can he made on the figures
available.  Of the other material obtained in Europe, only a few fragments are
known.  Of the American Upper Triassic faima the skulls of Shastasaurus,
Meyriamia and Delphinosaurus arve known in part, but without satisfactorily
showing the features which ordinarily give most definite expression to varia-
tion tendeneies. Of the American Middle Triassice Cymbospondylus practieal-
ly the entire skull structure is well shown in several excellent specimens (pls. 2
to 6). As Cymbospondylus is the only Triassic genus of which the skull is well
known, its description is made the basis for the following discussion of the skull
of the Triassic Iehthyosauria in general.

Although it represents one of the most ancient known ichthyosaurs and is
relatively primitive in many respeets, the skull of Cymbospondylus is still typ-
ically ichthyosaurian. While its structure, like that of the limbs, approximates
that of shore types more closely than do the corresponding features in the Ju-
rassic ichthyosaurs, it is as a whole, surprisingly specialized, and is evidently
the product of an ancestry which had expressed this special type of aquatie
adaptation for a long period. Like the typical Jurassic genera, the facial region
is relatively long and slender, the premaxillaries and nasals are very largely
developed, the frontals are small or are largely covered by the nasals, the su-
perior nares occupy a nearly median position, and a heavy selerotie ring is pres-
ent. On the other hand in the relatively greater size of the maxillaries, smaller
orbits, and broader temporal bar, the skull is more primitive than any de-
seribed form from a later period.

The skull as a whole is relatively short compared with the length of the
trunk. As nearly as can be estimated its length equals little more than one-
third that of the dorsal region. The skull of Mixosaurus seems to be relative-
ly mmeh longer, equalling about two-thirds the length of the trunk, while in Z¢h-
thyosawrus its relative length may be as great as 80 per cent.

IFacial Region.—The antorbital portion of the skull (fig. 3) is elongated and
narrow as in the typieal Iehthyosauria. It is, lowever, shorter relative to the
total length of the skull, than in any other ichthyosaurian known to the writ-
er, exeepting the short-faced Ichthyosaurus breviceps from the Lower Lias of
England. In Cymbospondylus (no. 9950) it equals about 60 per eent. of
the total length of the skull, and in I. brevieeps 55 per cent. At the same time
the extent of the maxillary anterior to the orbit is relatively larger than in any
other ichthyosaurian. It amounts to 48 per eent. of the length of the antorbital
region in specimen 9950, while in [. breviceps with a somewhat shorter ros-
trum, in which one would expeet to find the maxillary relatively long, it is less
than 40 per cent. In Mixosaurus the length relative to the eranial region is a
little less than in Cymbospondylus.
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The premazillarics are greatly elongated, extending more than half the total
length of the skull. For a little more than half of their length measured back
from the anterior end of the rostrum they are united dorsally. Behind the
region of contact with each other they are separated by the nasals.

Figs. 3 and 4. Cymbospondylus petrinus Leidy. Skull X 1). Fig. 3, side view; fig. 4, superior view.
Pm, premaxillary; M, maxillary; N, nasal; L, lachrymal; J, jugal; Or, orbit; F, frontal; Pf,
pre- and post-frontal; Pto, postorbital; Pr, parietal; Pn, pineal foramen; Sg, squamosal; St,
supratemporal; @, quadrate; Qj, quadratojugal; @.f., quadrate foramen; Pi, pterygoid; So,
supraoeeipital; Bo, basioecipital; Ar, artieular; An, angular; Sa, surangular; Cn, coronoid; Sp,
splenial; D, dentary.

The maxillaries are longer than in any other described ichthyosaurian, both
in relation to the length of the rostral region and to that of the cranium; and
almost, if not quite, half of the dentigerous margin of the upper jaw is situated
on these elements. In Mixosaurus the length of the maxillaries is also rela-
tively great.

The superior nares ave situated much as in Iehthyosaurus, though appar-
ently occupying a slightly more advanced position than in most forms.
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The nasals (fig. 4) are large and extend back over the frontals as in other
Lehthyosauria. They are relatively very widely expanded, much as in T chthyo-
saurus and Baptanodon. No comparison with Mizosaurus has heen made, as
the writer has not been able to make certain of the form of this element in that
genus. From Repossi’s figures of the skull (Repossi, 1902, tav. 9, fig. 1) one
suspects that the nasals are very large.

Fig. 5. Opthalmosaurus icenicus Seeley, Skull. (Adapted from (. W. Andrews.) About 14 natural
size. Pm, premaxillary; M, maxillary; N, nasal; L, lachrymal; J, jugal; Pf, prefrontal; Ptf,
postfrontal; Pto, postorbital; I, parietal; Sq, squamosal; S¢, supratemporal; Qj, quadratoju-
gal; @, quadrate; 8, stapes; Bo, basioceipital; Ar, articular; Sa, surangular; An, angular; Sp,
splenial; D, dentary.

Fronto-Parictal Region.—As in Ichthyosaurus the anterior portion of the
cranial region is covered by the expanded nasals. A little more of the frontal
clement seems to be exposed than often occurs in Ichthyosaurus. The large
pineal foramen is surrounded mainly by the parietals, instead of wholly or to
a large extent by the frontals as in Ichthyosanrus.

Orbital Region.—One of the most striking features of the skull in Cymbos-
pondylus is the relatively small size of the orbit, compared with the orbital re-
gion of most species of Ichthyosaurus, or more particularly with Opthalmosau-
rus (fig. 5). Even in specimens crushed laterally so that the height of the orbit
would tend to be increased, the relative size is practically the same as in the
figure above (fig. 3). (See also pl. 6.) In Baptanodon as figured by Gilmore®
the length of the orbit is only a little less than one-fourth that of the whole skull,
inclnding the much elongated snout. In Cymbospondylus it is about one-sixth
the length, in spite of the fact that the rostral region is relatively short. The
relative size of the orbit is particularly noticeable in comparison with the an-
teroposterior diameter of the temporal bar iimmediately behind it. The antero-
posterior diameter of the temporal bar equals about 38 per cent. of the antero-
posterior diameter of the orbit in Cymbospondylus (no. 9950) ; in Baptanodon
it appears to be less than 25 per eent. Of the undistorted Ichthyosaurus skulls
of which the writer is able to obtain any information, the forms which most
nearly approach Cymbospondylus in these characters are I. platyodon and I.
lonchiodon of the English Lower Lias.

8 Gilmore, C. W., Mem. Carneg. Mus., vol. 2, pL. 7.
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In Mizosaurus and Shastasaurus the orbits are relatively large, though per-
Lhaps somewhat smaller than in Ichthyosaurus.

The selerotic ring of Cymbospondylus (pl. 5, fig. 2) has much the same strue-
ture as in Ichthyosaurus and Baptanodon. 'The number of plates is about six-
teen to eighteen. In Ichthyosaurus the number ranges from fifteen to twenty.
Gilmore finds but fourteen plates in Baptanodon, and the same number is given
for Opthalmosaurus by Andrews. The inner or median ends of the plates bend
quite sharply over the equatorial region of the eyeball and extend for some dis-
tance over the inner side of the eye. The lateral flattening of the eyeball shown
by the sharp curvature of the plates on the equator of the eye has been noted also
for Ichthyosaurus by Owen® and recently on Baptanodon by Gilmore.”” The
relative size of the sclerotic ring agrees with that of the orbit in being smaller
than in any of the later ichthyosaurs. The ring in Ichthyosaurus platyodon and
in the short-headed I. breviceps is nearly half again as large as in Cymbospon-
dylus.

Temporal Region.—The lateral temporal bar of Cymbospondylus is charae-
terized by uncommon length anteroposteriorly. Its height is somewhat less than
in most ichthyosaurs. Relative to the length of the eranial region it is much
less elevated than in Baptanodon. Behind the jugal the inferior side of the
temyporal bar is sharply cut out so as to form with the slightly concave eoro-
noid region of the mandible an elliptical opening with its long diameter ex-
tended anteroposteriorly. Aeccording to the suggestion of McGregor™ the tem-
poral bar originally contained a lateral temporal opening, which was eclosed
through gradual anteroposterior compression of the bar owing to the enlarge-
ment of the orbit. In Cymbospondylus the bar shows fully as mueh area on the
side of the skull as in many reptilian forms possessing a lateral temporal fen-
estra. As the quadratojugal passes above the inferior notch in the bar, it is
improbable that this opening corresponds to a lateral temporal fenestra which
was being lost in Cymbospondylus through hreaking down of an inferior tem-
poral arcade. Though there is no doubt that the temporal bar has been pro-
gressively reduced, it seems very doubtful whether it ever enclosed a lower or
lateral temporal fenestra.

Occipital Region.—The occipital region of Cymbospondylus (fig. 6) seems to
be well eneclosed with bone and the posterior temporal openings are small. The "
basioceipital differs from that of other ichthyosaurians in presenting a strongly
concave articular face for econtact with the convex anterior face of the atlas.
The inferior side of the basioccipital is characterized by the development of
prominent hypapophyses similar to those of Sphenodon. The form of the lat-
" 5 Owen, R., Fossil Rept. Lias Form., pt. 3 (Monog. Pal. Soc., Lond., 1881), p. 103.

10 Gilmore, C. W., Mem. Carneg. Mus,, vol. 2, p. 328.
11 MeGregor, J. H,, Mem. Amer. Mus. Nat. Hist., vol. 9, p. 91.
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eral oceipitals is not well known, but they seem to be perforated by large lateral
foramina. The supraoceipital extends forward a econsiderable distance to
+ form a part of the floor of a deep fossa

between the posterior arms of the pa-
rietals. The form of the opisthotic
and prootie are not certainly known.
The stapes is not certainly recognized.
If represented by an element whicl
lies between the otie region and the
quadrate (fig. 6, z) it is mueh smaller
Fig. 6. Cymbospondylus 1‘;etrinus Leidy. Skull, poste- and more slender than in the later
rior view, X 14. DPr, parietal; Sq, squamosal; St, iohthyosaurs. 1t may also be noted
supratemporal; Qj, quadratojugal‘; 9, quadrate; Q.f, that no distinet plt for the recep-

quadrate foramen; So, supraoecipital; Lo, lateral . 5 . 0 4

oceipital; Bo, basioceipital; S, basisphenoid; X, tion of the distal end of the St&pGS 18

stapes?; I’t, pterygoid; Ar, artieular; Sa, surangu-  vigible on the inner side of the quad-

lar; An, angular; Cn, coronoid; Sp, splenial. rate.

Quadrate and Suspensorium.—The quadrate is large and heavy and seems
to be closely and broadly united with the adjoining elements, making the pos-
terior angles of the skull partieularly firm. The anterior side of the quadrate
overlapping the pterygoid extends forward as a broad plate resembling that seen
in the Rhynchoeephalia. The faee articulating with the mandible is erossed
obliquely by a marked depression situated between two strongly eonvex faces.
This form of the articular faee on the quadrate has recently been noted also in
Ichthyosaurus platydactylus by Broili,”* and is suggested in Sphenodon.

The large quadrate foramina perforating the posterior angles of the skull

Fig. 7. Cymbospondylus petrinus Leidy. Skull, inferior view, X 4. D, dentary; Sp, splenial; Sa,
surangular; An, angular; Or, orbit; J, jugal; Qj, quadratojugal; @, quadrate; Bo, basioeecip-
ital; Bs, basisphenoid; Pt, pterygoid; X, ectopterygoid?; H, hyoid; P, palatine; ¥, prevomer?

— . .

12 Broili, F., Paleontg., Bd. 54, p. 140,
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are situated mueh as in the later ichthyosaurs. The quadratojugal forming the
outer boundary of the quadrate foramen is overlapped superiorly by the supra-
temporal. The inferior border of the quadratojugal extends forward and above
the inferior temporal notch to meet the jugal.

Palatine Region.—The palate of Cymbospondylus (fig. 7) closely resembles
that of Ichthyosaurus in most details of its structure. 'The roof of the mounth is
largely covered by the expanded palatines and pterygoids, the median margins
of the pterygoids approaching each other closely for a considerable distance
back toward the basisphienoid. The ptervgoids are charaeterized by promi-
nent posterior projeetions of the median edges, whieh extend some distance back
of the basioeeipital. In speeimen 9950 the posterior portion of the lateral wing
on each of the pterygoids is separated from the main body of the bone in such
a manner as to suggest that it represents a distinet element (fig. 7, z). If
there is a separate bone here it is evidently a diserete ectopterygoid which has
united with the pterygoid in all later forms.

Fig. 8. Merriami zitteli (Merriam). Skull, lateral view, X 74,. 4n, angular; Sa, surangular; Sp,
splenial; D, dentary; Mz, maxillary; L, lachrymal; J, jugal; Pto, postorbital; S, selerotie ring.

Mandible—The lower jaw of Cymbospondylus is formed much as in the
later ichthyosaurian genera, the relations of the several elements as they ap-
pear on the outer side of the rami being much as in Iehthyosaurus. In the
genus Merriamia (fig. 8) possibly also in Mizosaurus, the surangular is rela-
tively large and forms the principal part of the outer side of the posterior "
half of the jaw. In Cymbospondylus it forms the anterior side of the cotylus
for the quadrate, and is thickened transversely anterior to the enp. As in the
other ichthyosaurian genera there is no coronoid elevation, but the surangular
presents a broad flat superior surface in the region of the coronoid. Below the
coronoid margin there is, as in Baptanodon, a relatively small lamellar bone
extending baek almost to the posterior extremity of the inner side of the jaw
(fig. 9), and representing the coronoid or the prearticular. The articular ex-
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Fig. 9. Cymbospondylus petrinus Leidy. Inner side, posterior end of left ramus of mandible, X 4.
Ar, articular; Cn, coronoid; An, angular; Se, surangular; II, hyoid; @, quadrate.
tends from the cotylus to the posterior end of the mandible. It is much thick-
ened immediately behind the cotylus, and is thickened also at the posterior end.
Between these regions the upper surface is strongly hollowed.

DENTITION.

In the specimens of Cymbospondylus that have been examined thus far the
dentition has not been materially different from that of Iehthyosaurus except-
ing in the insertion of the teeth (figs. 10 to 12). The numerous tecth are all

10
11

Fig. 10. Cymbospondylus petrinus Leidy. Horizontal cross-section of dentary about 5 mm. below
upper margin, showing teeth set in completely surrounded bone sockets, X 1.

Figs. 11 and 12. Cymbospondylus petrinus Leidy. Fig. 11, transverse cross-section of lower jaw
showing teeth set in sockets in the dentary. Superior margin cut down several millimeters. T,
tooth; D, dentary; Sp, splenial, X 14; fig. 12, anteroposterior cross-seetion of the base of a tooth
set in the dentary, X14.

simple conical, and avre, in some cases at least, set in distinet pits. The
base of the dentine cone is strongly folded (fig. 10), and there does not
appear to be any considerable amount of cement covering it. As nearly as
can be determined there were thirty to thirty-five, or more, teeth in each ramus
of the jaws. Between the anterior and posterior ends of the jaws there is a
slight difference in form, the posterior teeth being somewhat shorter and heav-
ier (fig. 3). This is also true of the genus Merriamia (fig. 8), of which the
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dentition of the posterior half of the jaws is known. In Merriemin and in
Shastasaurus the teeth, as far as known, are set in open grooves. Imperfect
alveoli may, however, have been present in some of the regions of the jaw which
have not yet been examined.

The characters seen in the American Triassic forms are in strong contrast
to the nature of the dentition of Mirosuurus (figs. 13 and 14), in which the
teeth show marked differentiation and are set in rather widely spaeed distinet
pits.

Tig. 13. Mizosaurus cornalianus (Bassani). Upper jaw and dentition, natural size. (Adapted
from Repossi.)

Tig. 14. Mizosaurus cornalianus (Bassani). TLower jaw and dentition, natural size. (Adapted
from Repossi.)

As has been shown by Fraas (1891, p. 38) the dentition of Mirosaurus (?)
atavus (figs. 15 and 16) is characterized by extreme differentiation of the teeth,
by their firn insertion in slightly separated alveoli, by the coarse folds of the
basal portion of the dentine cone, and by the extreme reduetion of the cement.

Fig. 15. Mizosaurus () atavus (Quenstedt). Anterior end of lower jaw with dentition, natural
size. (After Quenstedt.)

Fig. 16. Mizosaurus (?) atavus (Quenstedt). Two forms of teeth from the lower jaw, natural
size. (After Fraas.)

The peculiar characters of the dentition of Mixosaurus, oceurring as they
have with other features which undoubtedly indicate a primitive stage of evo-
lution, have snggested that possibly the dentition is essentially primitive, and
that an original differentiated stage of a thecodont dentition which developed
in the ancestors of the ichthyosaurs has been lost in the adaptation of the later
forms, but is retained in the primitive Mirosaurus. If, as appears to be the
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case, the dentition of Cymbospondylus is not differentiated more than that of
Iehthyosaurus, it may be that the differentiation of the mixosaur dentition was
acquired in adaptation to a peculiar food habit; while the thecodont insertion,
here as in most of the Triassic forms, may be a persistent or primitive character.

VERTEBRAE.

Vertebral Formula—In the typical Tehthyosauria of the Jurassie the num-
ber of vertebrae in the spinal column shows considerable variation. In the
genus Ichthyosaurus variation oceurs prinecipally in the posterior candal region
through the addition of small centra in the pinnigerous portion of the tail. The
presacrals in Ichthyosaurus pretty constantly number between 40 and 46 with
some slight variation from this number. An exception is found in the pecu-
liarly speeialized I. platydactylus Broili of the Cretaceous, in which the pelvis
appears to have been near the 54th centrum. In Baptanodon reedi Gilmore
the region of the pelvis is indicated at the 49th or 50th eentrum, as the trans-
verse processes reach their lowest position on the sides of the centra at this
point. In Opthalmosaurus there are 40 presacrals, aceording to Andrews.”

Of the Triassic genera the complete presacral segment of the column is
known only in Mizosaurus and Cymbospondylus. Judging from Repossi’s fig-
ures there are between forty-five and fifty presacrals present in Mizosaurus.
In a specimen of Cymbospondylus (pl. 7, fig. 1; no. 9950), including the eom-
plete presaeral region, there are not less than 65 presaerals. In the type of
Delphinosaurus (pl. T, fig. 2) there are 40 presacrals present, and enongh of
the eervical region is absent to increase the number to bhetween 45 and 50. In
speeimen 10998 (pl. 7, fig. 3) the vertebral ecolumn is complete to the posterior
part of the skull, and there are about 40 presaerals present. As the region of
the back of the skull is imperfectly preserved, there are probably several verte-
Lrate not recognized, so that the total may bhe supposed to be the same as in the
type specimen. In Shastasaurus osmounti (fig. 57) there ave at least thirty-
six vertehrae anterior to the region in which the rib articulation moves down
from the upper portion of the lateral face of the eentrum. As this downward
movement occurs in all other iehthyosaurians near the middle of the dorsal
region and generally fifteen or more vertebrae anterior to the pelvis (Delphin-
osauius 15, Cymbospondylus 19 or more, Ichthyosaurus 15 or more) at least fif-
teen centra may be added to the thirty-six known in Shastasaurus making the
nimber near 50. Tt appears then that in the known Triassic forms the number
of presaerals is generally somewhat larger than in the typieal Tehthyosaurus.
That the number should be larger in these forms than in most of the later ich-
thyosaurs is rather remarkable, since the primitive reptilian types as the Diap-

13 Andrews, C. W., Geol. Mag., Dec. 5, vol. 4, p. 205.
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tosauria and the Phytosauria, which have been suggested as ancestral to the
Ichthyosauria, have in nearly all cases less than thirty presacrals.

The total number of vertebrae in the caudal region including the smaller
centra at the end of the pinnigerous portion seems to be very elosely repre-
sented in a Delphinosaurus specimen (no. 10998), and is approximately 75.
In one of the Milan specimens of Mizosaurus the writer has counted about
seventy-six vertebrae behind the posterior limb. In a large specimen of Cym-
bospondylus (fig. 132, no. 9947) a continuous series of 54 vertebrae is present
behind the pelvis, and a part of the distal region of the tail is absent.

7 N
@

< Tigs. 17-20. Shastasaurus osmonti Merriam. Ontlines of eervieal and dorsal vertebrae, X¥.. Tig.
17, anteroposterior seetion of 36th eentrum; fig. 18, anteroposterior profile of 4th centrum; fig.
19, anteroposterior profile of 12th eentrum; fig. 20, anteroposterior profile of 36th centrum.

In the caudal region the number of vertebrae anterior to the characteristic
bend in the tail is, so far as known, nearly the same as in the later forms, or in
some cases somewhat smaller. In the Milan Mirosaurus specimen possessing
seventy-six caudals, the bend oceurs near the twenty-fifth eentrum behind the
pelvis. On one specimen of Delphinosawrus (pl. 7, fig. 2) it is situated be-
tween the 25th and 30th vertebrae behind the pelvis, and in another (pl. 7, fig.
3) it appears to be between the 25th and 35th centra. In Cymbospondylus
(fig. 132) the hend in the caudal region occurs at the 30th to 35th ecentrum behind
the pelvis as it is situated here. This number is nearly the same as the number
of centra that ordinarily intervenes between the pelvis and the downward bend
of the tail in Iehthyosaurus.

Form of Centra—The individual vertebral centra of all Triassie ichthyo--
saurians are biconcave as in later types. The biconcavity is so deep in some
forms, as in the posterior dorsals of Cymbospondylus (fig. 24) or in the
caudals of some of the small species from the Upper Triassic of Shasta
County, that the middle portion of the centrum is perforated by a very small
canal. The same character has been noted in the vertebrae of Mizosaurus (?)
atavus hy Fraas (1891, pp. 38 and 39) and was deseribed by von Meyer'* for

14 von Meyer, H., Palaeontographica, Bd. 1, p. 253.
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a Triassic vertebra probably belonging to an ichthyosaurian. Somewhat sim-
ilar perforations appear occasionally in some of the later iechthyosaurs as in
Ichthyosaurus campylodon.” In most forms the character of the exeava-
tion is similar to that in the typical species of [ chthyosaurus (fig. 17), the
concavity beginning near the periphery of the centrum and sloping evenly to-
ward the center. In Cymbospondylus petvinus (fig. 21), the best known Mid-
dle Triassie form, the outer portion of the articular face is nearly flat or only
slightly hollowed, and the excavation ents in sharply at about half of the dis-
tance to the middle. The flattening of the peripheral portion of the terminal
faces is very pronounced in the posterior dorsal region.

OO0

Figs. 21-25. Cymbospondylus petrinus Leidy. Outlines of vertebrae, X 14. Fig. 21, anteroposte-
rior cross-section of a dorsal centrum; fig. 22, anteroposterior profile of 3rd eentrum; fig. 23,
anteroposterior profile of anterior dorsal centrum; fig. 24, anteroposterior profile of posterior
dorsal eentrum; fig. 25, anteroposterior profile of posterior caudal eentrum.

The oecenrrence of vertebrae in which the terminal faces are largely filled
out in some of the earliest known ichthyosaurs naturally raises a question as to
whether the deeply biconcave centra of the Upper Triassiec and later genera are
primitive, or whether they have been Se(‘ondal'ﬂ.y develope(‘l as a part 'of the
adaptation to aquatie life. The more ncarly sohd.centr'nm is evidently in gen-
eral the type best fitted to meet the requirements in actlv-e land or shore forms.
Tt has appeared in many of the reptilian groups, and. even in certain of the more
highly specialized Stegocephalia. Its development is possibly jm some ozxttont a
funetion of size in the individual among land forms, as is indicated by its ap-
pearance in the large ‘Stegocephalia and many 1*01)tilos'; the deeply l).i('onoave
vertebrae persisting principally in the small land reptiles. Ip aquatice foltms
in which the vertebral eolumn is relieved of a part of the strain of supportmg
the body the biconcave type of centrum may prove adequate. Of the speei-
mens of the carliest Buropean ichthyosaurs examined by the writer none hav.e,
however, been found to show such a degree of marginal flattening as is seen in

Siprij . 7 ser., t. 28, no. 8, p. 77.
15 Kiprijanoff, W., Mem. L’Acad. Imp. des Se., St. Petersb. 7 ser, ; r
See arl)sol Dam:}s, \if., Zeit. d. deutsch. geol. Gesel. 1893 Bd. 45, p. 30.
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Cymbospondylus, exeepting the donbtful vertebrae described by von Meyer
(Palacontg. B. 1, p. 253). In the earliest forms from the Middle Triassic the
centra are generally deeply biconcave, the eoncavity beginning at or elose to the
margin of the ecentrum. In Mizoscurus (fig. 121) a slight marginal flattening
nmay be present, but it is not eomparable to that of Cymbospondylus. As yet
the extreme flattening in Cymbospondylus has been observed only on specimens
of the large O. petrinus. Inthe type of C. piscosus (fig. 134) the coneavity of
the centra is like that eommonly seen in Ichthyosaurus, so that large size
may be an important factor in this case. On the other hand the enormous een-
tra of Shastasaurus careyi from the Upper Trias exhibit no filling out of
the intervertebral space. Among the move recent ichthyosaurians hoth perfor-
ation of the centrum and flattening of the peripheral portion of the terminal
faces are oceasionally seen, and appear together in Ichthyosaurus campylodon.

The proportions of the vertebral centra in the different regions of the eol-
nmn are in general much as in the iehthyosaurs of the Jurassie. The centra
are generally broader than high in the eervical region, and gradnally inerease in
height to the middle dorsal region, where the vertical and transverse diameters
are nearly equal (figs. 18-20). Behind this point the transverse diameter bhe-

comes relatively small until in the posterior eaudal re-
gion of some forms the height may equal three or four
times the width.

Y In the cervieal and anterior dorsal regions the rib ar-
ticnlation extends npward over the superior margin of
the centrum and covers a part of the base of the upper
arch (fig. 26). In the posterior dorsal region it moves
down to the lower margin, but rises again to about half
the height of the side of the centrum mnear the middle

i 26 candal region. Partieularly in Cymbospondylus petrinus
Fig. 26. Delphinosaurus per- -
vini Merriam. Antero- (fig. 24) the posterior dorsal centra take on a sharply
e g g “’(frtf,ﬁ‘ﬁ;, triangular form where the rib articulations reach the
X Ve lower margin of the eentrum.

The relative length of the anteroposterior diameter varies greatly among
the Triassic genera. In some, particularly the latest, largest and most general-
1y specialized forms the centra ave relatively short and ‘high, as is exemplified"
in Shastasaurus careyi (fig. 29), in which the length of a middle dorsal may
equal less than 29 per eent. of the height. In all of the earlier forms the eentra
are relatively long. In Delphinosaurus perrini (fig. 27), found principally in a
lower horizon than the forms with very short centra, the length of middle dor-
sal eentra may equal 84 per cent of the height. The relatively great inerease in
height and width of the dorsal centra is paralleled to a considerable extent in
the Cetacea. The extraordinary height of the ecentrum has been eonsidered by
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McGregor' as the probable reason why the ribs of ichthyosaurs do not artie-
ulate on the upper arches. It is true that in the small forms with relatively
long and low centra, as in Delphinosaurus, the rib heads rest against the upper

R
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Tig. 27. Delphinosaurus perrini Merriam. Lateral view of middle dorsal centrum, X 14.
Fig. 28. Shastasaurus osmonti Merriam. Lateral view of middle dorsal centrnm, X %.
Tig. 29. Shastasaurus careyi () Merriam. Lateral view of middle dorsal centrum, X 3.

arches to a considerable extent. It is also true, that in several species of Shas-
tasaurus, with vertebral centra as high and thin as in the typieal Ichthyosaurus,
the rib heads of the cervical and anterior dorsal region are in contact with the
base of the neural arch.

Neural Arches.—The upper arches of the vertebrae in the Triassic genera
seem in every case to be thicker transversely than in the typical Ichthyosaurus.

Tig. 30. Delphinosaurus perrini Merriam. Middle dorsal vertebrae situated at the point in the series
where the diapophysial and neurapophysial surfaces of articulation are separated, X 34.

16 McGregor, J. H., Mem. Am. Nat. Hist., vol. 9, pt. 2, p. 91.
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The neural spines of the vertebrae of Mirosaurus (fig. 123) as figured by Repos-
si, appear to be thin and flattened distally, but a prominent rib is present along
the lateral face of the arch, and extends for a considerable distance up on the
side of the spine. In the cervieal region of all the American Triassie forms

3la

336

33a

33c

Figs. 3la-31c. Shastasaurus osmonti Merriam. Neural arch of a dorsal vertebra, X .
lateral view; 31b, eross-section of summit of neural spine; 31e, anterior view.

Figs. 32a-32¢. Delphinosaurus perrini Merriam. Neural arch of a dorsal vertebra, X %.

lateral view; 32b, eross-section of summit of neural spine; fig. 32¢, anterior view.

Figs. 33a-33¢. Shastasaurus atispinus Merrium. Neural arch of a dorsal vertebra, X 5.

lateral view; 33b, eross-section of summit of neural spine; 33¢, anterior view.

Fig. 3la,

Fig. 32a,

Fig. 33q,

the neural spines are so thick as to be nearly round in cross-section. In the
dorsal region the spines may be greatly broadened anteroposteriorly and be-
come quite thin distally (fig. 32b). This change from thick spines on the eer-
vicals to broad, thin ones on the dorsals is well shown iu Delphinosaunrus perrini
(pl. 7, fig. 2), but even in this form the lateral faces of the spines on the



MERRIAM: TRIASSIC ICHTHYOSAURIA. 35

dorsals ave each marked by a well-developed ridge (fig. 30). This lateral rib
is situated in the middle of the lateral face of the spine, and possibly represents
the original column of the spine from which the anteroposterior expansion has
developed.

In Shastasarus altispinus and S. careyi the spines show little transverse
flattening in the dorsal region and sometimes none at all; but may he consid-
erably thickened and perfectly cirenlar in cross-seetion distally. In the type
specimen of S. altispinus the middle dorsal spines seem to have thin, blade-like
anterior and posterior expansions of mno great width, for a short distance above
the zygapophyses (pl. 18, figs. 2¢ and 20). In a specimen of S. careyi (pl. 18,

34a 34b

Figs. 34a-34c. Mizosaurus (1) atavus (Quenstedt). Neural arch of an anterior dorsal vertebra,
natural size. (After Fraas.) Fig. 34a, anterior view; 34b, posterior view; 34c¢, lateral view.

figs. Ha to He) the distal end of the spine is considerably thicker than the
middle section, and shows no anterior or posterior hlade-like expansions, but is
circular in cross-section. In S. altispinus the terminal portion of the spine is
hollowed out by an anteroposterior groove. In S. careyi it is evenly convex or
_domed.

In view of the fact that thickening of the neural spines is the rule among the
Triassie Tehthyosauria, and is most persistent in the anterior portion of the
vertebral eolumn where the development of a sculling tail would have the least
influence on the eharacter of the neural spines, it is probable that the arches
of the ancestral forms were of the round or thickened rather than of a later-
ally compressed type. The rounded type is oecasionally found in aquatie forms,
hut is most common among running types.

In the cervical, dorsal, and anterior caudal regions zygapophysial facets
are developed on the upper arches of all Triassic ichthyosaurs. As was first
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noted by Fraas (1891, p. 39), the facets of the zygapophyses in Mirosaurus(?)
atavus differ from those of Ichthyosawrus in being distinetly separated
and not situated in the same plane (figs. 34a to 34¢). In the Jurassie forms
the two faces are brought together at the median line and unite to form a single
faee (fig. 35). In all of American
Triassie forms (figs. 31-33 and 36)
the zygapophysial facets are large,
distinetly  separated, and inelined
away from each other in the cervieal
and anterior dorsal region. In the
posterior dorsal and eaudal regions
the facets may be considerably re-

0 dueed and fall into nearly the same
Yig. 85. Ichthyosaurus quadriscissus Quenstedt. Neural ) . & x

arch with united zygapophyses, X %. (After Plane. This difference is evidently

Yraas.) due to the fact that in the development
Fig. 36. Cymb?spondylus petrinu.s: Lei.(]y. Neural ‘areh of a broad, vertieal S(’ll]]il]g organ,

of 5th cervieal vertebra, anterior view, X 14. » .

the principal movements of the body
have been sideways, and a union of the zvgapophysial facets in one plane fa-
cilitated this movement. The normal form of zygapophysial articulation in
which the anterior facets look toward eaeh other would interfere to some extent
with this motion. In the evolution of the group the tendency to ehange the
zygapophyses naturally appeared first in the eandal region and was gradually
carried forward toward the neek region. In the Mid-
dle Triassie forms the seulling tail was well devel-
oped and the zygapophyses of the posterior region of
the column had already been eonsiderably modified.
In the cervieal, and to some extent in the anterior
dorsal region, the modifiecation had not heen very
strongly expressed. The evidence of the zygapophy-
ses can scarcely be interpreted as pointing toward
any other than a land or shore type as the aneestral
form of the grounp.

Huypocentral Elements—The inferior or hypoeen-
tral elements of the eaudal region furnish a most
g, 87, Delphincsouris’ perting characteristie feature of all T}'iassio genera, and rep-

ggﬁ?a&dﬂ}fvﬁfgbﬁ;&x& ot rosept a less ad.vaneo('i stage in tche developmept (?f
the ichthyosanrian tail fin than in the post-Triassie

forms. In every case where they have heen observed the eandal hypocentra
are united ventrally to form a long median stem (fig. 37), giving the inferior
arehes the Y-shaped form seen in the lower arches of the eandal series in most
reptiles. In the type specimen of Delphinosawrus perring (pl. 7, fig. 2) the

5]

37



MERRIAM: TRIASSIC ICTITIIYOSAURIA. 37

chevrons are present from the anterior candal region at least as far back as
the bend in the tail.

In the ichthyosaurs of the Lower Lias of Burope (fig. 48, p. 43) the hypo-
central elements are present, in many cases at least, considerably beyond the
bend in the tail. Acecording to Owen' they are not present on the terminal
twenty or more vertebrac in Ichthyosaurus. In some of the Upper Liassic
ichthyosaurs of South Germany, particularly in I. quadriscissus (fig. 49, p.
43), lower arches are not present in the region of the tail immediately in front
of the bend, and have evidently in some ecases disappeared entirely. In
Opthalmosaurus, according to Andrews,” caudal intercentra appear to be pres-
ent. In Baptanodon, according to Knight,” the lower arches are absent.

The history of the Ichthyosauria seems to give us a pretty definite trend of
evolution of the hypocentral elements of the candal region (figs. 43 to 49). It
begins in the Triassie with forms in which the lower arches are of the normal
chevron type. Inthe Lower Liassic ichthyosaurs the inferior union of the short .
paired elements has ceased. In the Upper Lias the hypoeentra may disappear
largely or in part, and in Baptanodon, one of the most recent genera of the
order, they seem to have disappeared entirely.

The gradnal modification and final elimination of the caudal hypocentra is
undoubtedly to be ascribed to the inerecased efficieney of the terminal caudal
fin. In the earlier ichthyosaurs the whole tail served as a seulling oar, and
the clongated inferior arches heightened or broadened the tail. In later forms
the flexure of the terminal portion of the caudal series made possible the de-
velopment of a broad sculling organ in the region where it was most effective,
and the power came to be applied largely in that region.

In the cervical region of Shastasaurus (fig. 57, p. 48) there are facets for
an intercentrum between the third and fourth centra, making a fourth inter-
centrum not present in Ichthyosaurus. In this respect Shastasaurus may be
considered more primitive than later genera. In the older Cymbospondylus
there is, however, no intercentrumm between the third and fourth vertebrae
(fig. 58). The hypocentral elements of the cervical region are not known to
be materially different from those of the Jurassie forms.

Atlas and Axis.—The atlas and axis are distinetly separated in all Triassie
ichthyosaurs as far as known. In Cymbospondylus and Shastasaurus the
adjacent faces of the atlas and axis are both concave and there is no sugges-
tion of fusion as in the later ichthyosaurs. The atlas of Cymbospondylus
petrinus (pl. 8 and text fig. 38) has about the same width and height, and about
three-fourths the anteroposterior diameter of the axis. The anterior face is

17 Owen, R., Foss. Rept. Lias. Form., 1870, p. 92.

18 Andrews, C. W., Geol. Mag., Dec. 5, vol. 5, p. 205.
19 Knight, W. C., See Gilmore, Mem. Carnegie Mus., vol. 2, p. 107.
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strongly convex, the inferior and lateral borders heing much thinner than the
superior side. The anterior face of the atlas shows no concave face into which
the basioceipital might be received, but the posterior face of the basioccipital
is deeply excavated for the reeeption of the atlas. The narrowed lateral hor-
ders have elevated anterior and posterior edges and show no indication of the
presence of rib articulatious. The upper arches of the atlas are formed much
as in Iehthyosaurus.

In Shastasaurus (fig. 57) the form of the atlas is much as in Cymbospon-
dylus, though the lateral horders ave evidently not as sharply set off from the
anterior face by an elevated anterior edge. A portion of an upper areh, appar-
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Tig. 38. Cymbospondylus petrinus Leidy. Atlas and axis, lateral view, X 4. 1, atlas; 2, axis.

Fig. 39. Ichthyosaurus longifrons Owen. Atlas and axis, lateral view, X 1. 1, atlas; 2, axis.
(Adapted from Owen.)

Fg. 40. Ichthyosaurus platydactylus Broili. Atlas, axis, and 3rd cervieal, lateral view, X 15. 1
and 2, fused atlas and axis; 3, 3rd cervical centrum. (After Broili.)

ently belonging to the atlas in the type specimen of S. alexrandrae, resembles the
neurocentral elements of Ichthyosaurus. '

The axis of Cymbospondylus is in general like the sueceeding cervicals,
exeepting in its marked inferior truncation for the hypoceutral elements. It
is eharacterized in some of the speeimens examined (pl. 8, fig. 6) by the absence
of parapophyses. The diapophyses of the axis are like those of the third een-
trum. The third vertebra shows large parapophyses. In Shastasawrus the
rib articulation of the axis resembles that of the correspouding element in the
later ichthyosaurs, and large parapophyses as well as diapophyses are present.
Exeepting in the 'two genera deseribed above, the atlas and axis are not well
known in the Triassie forms.

In the genus Ichthyosaurus the first two elements of the vertebral column
are characterized generally by partial or eomplete fusion with eaeh other and,
so far as the information is available, there seems to be no indieation of an
intervertebral space remaining. The atlas and axis are also of nearly the same
size (fig. 39).

In the latest members of the iechthyosaur group, as in Baptanodon, the
fusion of the first two elements is ecomplete, and the hypocentral element be-
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tween them may disappear or lose its identity. Tn Ichthyosaurus platydac-
tylus as recently described by Broili* (fig. 40), not only have the atlas and
axis fused, but the third centrum is united with the second. In all of the Ju-
rassic ichthyosanrs the centrum of the atlas is nearly or quite as large as the
centrum of the axis (fig. 39), while the neurocentra rest upon it mueh as the
clements of the npper arch of the axis. In this respeet the atlas in these forms
may be said to be more specialized than in most other reptiles. A possible ex-
planation of the peculiar form and large size of the most anterior centrum
here is that the anterior cervical centrum of the later ichthyosaurs may cor-
respond to the axis of the earlier forms, the atlas having disappeared.

The known series of forms exhibiting the strueture of the anterior portion
of the vertebral column of the Iehthyosauria shows pretty clearly that progres-
sive modification of the cervical region has taken place along somewhat the
same lines that have been followed in the Cetacea. In the whales, fusion of
the cervieals has reached an extreme stage, and the neck may be presumed to
be much shortened. In view of the considerable difference between the Tri-
assic and the Jurassic ichthyosaurs in the form and to some extent in the
function of the most anterior centrum, it is possible that in a modification of
the cervical region best adapting it to aquatie life, the neck has been short-
ened partly by elimination or by extreme reduction of the most anterior
elements.
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Fig. 41. Ichthyosaurus acutirostris Owen. Reversed photograph of a specimen in the Carnegic
Museum. Reproduced by counrtesy of Dr. W. J. Holland.

Caudal Fin.—In no other group of the reptilia have the funections of loco-
motion heen so largely transferred from the limbs to the tail as we find them
to be in the typical ichthyosaur. In consequence of this, the caudal fin of
these forms has beecome the most specialized senlling tail known in the Reptilia.
That it has reached the stage of evolution seen in the typical Ichthyosaurus
(fig. 41) by passing through grades of development not unlike those of some

20 Broili, 1", Palaeontog., Bd. 54, p. 143.
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of the more generalized shore or fresh-water forms has been evident, but com-
paratively little information regarding the course of its evolution has heen
available.

In a specimen of Ichthyosaurus trigonus posthumus Wagner from the
Upper Jurassie, one of the most recent of the well-preserved ichthyosaur
specimens® exhibiting the impression of the epidermal investient of the caudal
region, the caudal fin is seen to be broadly two-lobed with the distal end of the
vertebral column turned sharply
downward into the lower lobe (fig.
42). Traces of upper arches are seen
on the vertebrae in the lower lobe of
the fin, hut lower arches seem to have
heen absent. The vertebral centra of
the tail fin are very much smaller
than those immediately in advance of
the bend. They are also relatively
very much longer anteroposteriorly,
while the median portion is consider-
ably constricted. The margins of the
centra are thickened and rounded.
Practically the same relations of the
caudal vertebrae are seen in 1. pluaty-
dactylus Broili* of the Cretaccous.
In some of the best specimens of Ieh-
thyosaurus from the Upper Lias of
South Germany (fig. 49), the down-
ward bend is very pronounced, while
P ) z the upper and lower vertebral arches
Vi g Tty i goshontc Nomwrape much veduced. The centra be-

fin, about 14, natural size. (After Bauer.) vond the point of strongest curvature

are not relatively much if any elon-
gated. In these types the portion of the tail included in the terminal fin is
large and the fin itself nmst have been capable of exerting considerable power.
It was not supported to any extent by spinous projections of the upper or
lower arches, but obtained its width largely through the bend in the caudal
series. The paddles in these forms were too small to have furnished much
power in swimming, and the hind paddles were so reduced as to be practically
funetionless.

In a nmmber of the species of Ichthyosaurus from the Lower Lias of Eng-

21 Bauer, I'.,, Palaeontog., Bd. 44, 1897-98, p. 309, and Taf. 27,
22 Broili, F., Palaeontog., Bd. 54, p. 147,
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land (fig. 48) the lower arches of the caudal series appear to he larger and
extend out in the series to a point considerably beyond the hend in the tail.
In these forms the area of the paddles is generally larger, and in many cases
the posterior paddles are relatively large.

Among the Triassic ichthyosaurians the terminal portion of the caudal
series is known in Mirosauwrus, Delphinosaurus, and to a considerable extemt
in Cymbospondylus. Candal vertebrae are also known from the other genera.

In Mirosaurus the well-preserved specimens at Milan show a structure which
resembles that of Ichthyosuurus sufficiently to call to mind the type of tail fin
present in the latter genus, but different enongh to merit discussion as a dis-
tinet type (fig. 45). 1In this form the distal end of the caudal region was
apparently not bent downward sharply as in the latest ichithyosaurs, but eurved
slightly npward near the middle of the caudal series and then down again some
distance in front of the posterior end of the tail (fig. 50). This difference
would not of itself attract attention so strongly were it not that the character
of the vertebral arches in the flexed portion of the tail is very different from
that in Ichthyosaurus. The neural arches instead of suffering gradual redue-
tion as the point of enrvature is approached, and disappearing very close
behind it as in Ichthyosaurus, ave considerably increased in length and stand
erect in the curved region, and continue far back toward the terminal region
of the series. In the Milan specimen best known to the writer the caudal region
consists of about 76 vertebrae. The upper arches begin to turn forward at
about the seventeenth centrum behind the posterior limh. The hypocentral ele-
ments are long, the inferior ends of the right and left pieces uniting to form
Y-shaped arches. The writer has not seen lower arches inmnediately below the
bend in the caundal series, but they are present and well developed behind
the bend.

In a small specimen ocenrring in the same beds with Cymbospondylus in
the Middle Trias of Nevada (no. 10624, fig. 44) practically the same relations
of the elements of the caudal vertebrae appear as are found in Mizosaurus.
The caudal centra are somewhat flattened laterally and bear apophyses, with
which eaudal ribs may have been in articulation. The neural arches are high
and slender, their height equaling a little less than three times the height of
the centra (X 22). They show little if any anteroposterior curvature and
stand nearly erect on the centra. The inferior arches are also long and
slender, but are strongly recurved. Their length equals nearly two and one-
half times the height of the centra. The articulation of each of the infe-
rior arches seems to be mainly on a single eentrium, instead of intervertebral.
The union of the lower arches with the centra is so close that it may possibly
amount to co-ossification in some cases.

In a large specimen of Cymbospondylus petrinus (no. 9947, fig. 46) there
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Fig. 48, [Ichthyosaurus intermedius Conybeare. Caudal series, X 3{s. (Adapted from Owen.)

Fig. 49. Iehthyosaurus quadriscissus Quenstedt. Caudal series, about 14, natural size.
(After Fraas.)

is a continuous series of over fifty vertebrae showing the strueture of the
greater portion of the eaudal region. At the thirty-fifth centrnm in this
series, which appears to represent a point normally thirty-five to forty eentra
behind the pelvis, a bend oceurs in the tail. At this point the neural spines sud-
denly stand erect instead of inclining backward, and hehind the thirty-fifth

Fig. 50. Outline of the vertebral eolumn of Mirosaurus. From rough sketeh by the author.

vertebra as far as the fifty-sixth they are inclined forward. The spines are not
greatly elongated as in Mizosawrus. but keep a more nearly even height through
the tail. At the thirty-fifth vertebra a change also oceurs in the ecentra,
which are considerably shortened inferiorly, indicating vertieal eurvature, and
the diapophyses suddenly disappear. For some distance behind the thirty-
fifth vertebra the eentra inerease somewhat in height and at the same time
become absolutely narrower transversely. Small Y-shaped chevrons are pres-
ent to the end of the series.
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In Delphinosaurus the eaudal series shows a downward curve in the distal
region not unlike that in Iehthyosaurus, though the bend is probably not so pro-
nouneed (fig. 47). The vertebral centra beyond the bend are small, but show
some lateral compression, and are slightly higher than the centra immediately
in front of the bend. Anterior to the bend in the tail the lower arches appear
as long-spined chevrons. The chevrons are not certainly known behind the
anterior region of the bend, but may have been present there. The upper arches

Fig. 51. Clidastes velox Marsh. Caudal series, X 14o. (After Williston.)

Fig. 52. Geosaurus suevieus E. Fraas. Caudal series, X 5. (After Iraas.)

of the centra in the anterior and middle region of the tail are of moderate
height and are much flattened laterally. Immediately behind the bend the
small upper arches turn sharply forward as in Geosaurus (fig. 52).

The form of the caudal fin seen in Mixosaurus differs from that in Iehthyo-
saurus fundamentally in that the vertical expansion of the fin is produced in
a large part by the eclongation and erect position of the vertebral areches,
whereas in Ichthyosaurus the arches have little or nothing to do with the wid-
ening of the fin. Seulling organs of a character somewhat similar to that of
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Mirosaurus appear in other groups, particularly in the mosasanrian genus
Clidastes (fig. 51), in which a portion of the caudal region somewhat in advance
of the posterior end of the series is considerably broadened by the elongation
and erection of the neural arches. The inferior spines are also somewhat
elongated, and although fused to individual vertebral centra they are quite
strongly reeurved.

The modification of the eaudal fin of Clidastes differs from that of Mixo-
saurus mainly in showing less evidence of vertical enrvature of the distal
portion of the vertebral columm. If the tail fin of Cymbospondylns(?) natauns
were hetter known it would possibly be found to differ from Clidastes in general
charaeter less than does the corresponding region in the caudal series of Miro-
s@urus.

In the eaudal fin of the typical Cymbospondylus the eentra beecome higher
and narrower beyond the bend, instead of smaller as in later forms, while the
upper and lower arches are retained beyond the bend. The upper arches are
inelined forward as in Mirosaurus, but are not extraordinarily elongated as
in that genus and in C.(?) natans. Vertical expansion of the fin is produced
in this instance partly by retention of the upper and lower arches, partly hy
inereased height of the vertebral centra, and partly by vertiecal curvature of
the eolumn.

In the known history of the Ichthyosanria the eandal fin has passed through
several fairly definite stages of evolution, and the trend of modification has
always been in praetieally the same direction. The most primitive strueture
i1s probably that of C.(?) natans whieh-leads to the type of Mizosaurus. In
the large Cymbospondylus the structure is alimost as primitive as in the other
two Middle Triassic forms, the differences being possibly due in part to dif-
ferenee in size of the individuals compared.

Arranged in accordance with the hypothetical scheme of evolution of the
ichthyosaurian candal fin, the various known stages in the evolutionary series
are, as shhown on the following page, also arranged in the order of their appear-
anee in time; exeepting in the case of those Middle Triassie forms in which the
factor of size is also to be considered. In the case of these Middle Triassic
forms size has exerted the influence whieh could generally be predieted, the
smaller forms showing the most primitive strueture.

The fact that the known forms fall into a fairly definite series is not neces-
sarily to be taken as indicating a single direet line of descent. They are
widely seattered geographically, and differ sufficiently in minor details of
strueture to make difficult their arrangement in a single series. The faect that
wherever the forms of a given period are found they seem to fall into this pre-
dicted position in the evolutionary scheme indieates all the more elearly the
definite and long-continued tendeney of evolution of the group in this particular.
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Including the hypothetical ancestors of the Ichthyosauria the following
series of forms may be taken to represent stages in the evolution of the
candal fin:

1. Unknown littoral or terrestrial Permian ancestor with candal series much
as in Palacohatteria; tail long, slender, not markedly expanded vertically,
upper and lower arches imperfectly developed in posterior part of candal series.

2. Unknown semiaquatic Permian or carly Triassie ancestor. Caudal series
long, tail considerably expanded vertieally as in Croeodilia, npper and lower
arches well developed excepting in terminal third or guarter of tail.

3. Early Triassic ancestor. Caudal series long, tail expanded vertically
somewhat in advanee of the posterior end by elongation or erection of the arches.
Possibly represented by Cymbospondylus( ?) natans or a closely allied form.

4. Mixosauwrus. Middle or Upper Triassie form with distal expansion of
caudal region caused in part by elevation of the vertebral arches, and in part
by vertical curvature of the vertebral column.

5. Cymbospondylus. Targe Middle Triassic forms possibly represented by
preceding stages in the young animal. Distal portion of caudal region retain-
ing short Y-shaped ehevrons, and short erected neural arches; vertebral centra
inereased in height and laterally ecompressed behind the hend.

6. Delphinosaurus. Upper Triassie. Expansion of the distal portion of the
caudal fin due largely to curvature of the vertebral ecolumn. Upper and lower
arches considerably reduced in the region of the caudal flexure. Anterior
caudal region relatively broad owing to the presence of laterally eompressed
upper arches of moderate size, and of long-spined chevrons.

7. Ichthyosaurus. Lower Lias. Much as in Delphinosaurus, hut lower
arches shortened and no longer united ventrally.

8. Ichthyosaurus. Upper Lias. As in Lower Lias, hut with oecasional al-
most complete reduction of lower arches.

9. Ichthyosaurus, Opthalmosaurus,and Baptanodon. Upper Jurassic and
Cretaceous. Lower arches much redueed or absent, anterior and posterior
margins of vertebrae behind the bend swollen, and with articnlation faces
swinging outward and somewhat backward on the swollen tracts. Centra he-
hind the bend in the tail suddenly reduced in size. (In I. posthumus they be-
come relatively small and long.) Posterior portion of eaudal series more
strongly deflexed than generally in preceding forms.

As has perhaps been evident in the preceding statement of the evolution
of the iehthyosaurian caudal fin, the historical series of forms which is now
available suggests that the peculiar upper lobe of the ichthyosaur fin originated
at that period in the history of the group when the height of the tail was in-
creased by elongation of the neural arches, and that once having taken on an
important funetion it has been retained and enlarged.
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Riss.

In the Triassic ichthyosaurians, as in the typical Iehthyosaurus, rib articu-
lations are present from the anterior cervical region along the whole of the
vertebral column well out toward the distal region of the candal series. Ex-
cepting the character of the rib artienlation in certain regions, the general form
of the ribs in the Triassie ichthyvosaurs is not materially different from that
in the later genera. The shaft is generally considerably flattened, excepting
at the distal end, where it may be nearly round in
cross-section. In all excepting the most ante-
rior and posterior ribs the anterior and poste-
rior sides of the shaft are more or less deeply
grooved. Compared with Techthyosaurus, the
shaft is possibly somewhat shorter in the middle
dorsal region of Cymbospondylus (pl. 7, fig. 1)
and somewhat heavier in the dorsal region of
some species of Shastasaurus.

In all of the American Triassie ichthyosaurs,

exeepting Toretocnemus, the ribs articulate on
the vertebral centra and arches, with a single
head execepting in the most anterior portion of

the column (figs. 53-56).

In the best known specimen of Shastasaurus
showing the vertebral column (fig. 57) the cen-
tra of the anterior cervical vertebrae show bhoth
diapophyses and parapophyses. The parapophy-
ses are situated low down on the centra and are ¥ igﬂl *ﬁ S » l: -'/”)'Z{O‘P""d!l/f"s {{f""’;‘f
somewhat less than half the size of the diapophy- 5 o;r‘v;‘;;e:i’b?ﬁ;: 54,1§},st;f
ses. In passing back toward the anterior dorsal rior eervical rib; fig. 55, anterior dor-
region the diapophyses are seen to grow longer, a8 R b B
while the parapophyses become much reduced. The distance separating the two
apophyses remains nearly the same, or is at least not decreased. On the
twelfth centrum of the series the parapophysis is a mere tubercle without
an articular face. 'The last trace is seen on the eighteenth centrum, on which
a rudimentary tubercle is present on one side only. Beyond the point of dis-
appearance of the parapophyses, the diapophyses continue to increase in length
but no division of the rib articulation appears.

In the older genus Cymbospondylus much the same relations of the rib
articulation are séen, and the parapophyses are gradunally reduced in passing
back through the cervical series until they disappear entirely in the posterior
eervical or anterior dorsal region. In one specimen (fig. 58) the parapophyses
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retain nearly the same size from the axis to the twelfth centrum. On the
thirteenth the diapophyses are suddenly elongated, and there is no parapo-
physis on oue side, though a rudiment is present on the other side. The
diapophyses have a peculiar form on this cen-
trum, the lower ends being turned backward in-
stead of forward.

In Delphinosaurus the same relation obtains
as in Shastasaurus, and in Merriamia we know
only that the middle dorsal ribs are single-
lreaded.

In Toretocnemus (fig. 59) the middle and
posterior dorsal ribs have deeply mnotched or
forked heads articulating on distinetly separated wig. 50. Toretocnemus catifornicus Mer-
diapophyses and parapophyses. The vertebrae ey Y:g’fgf,’i‘;ffr‘;l’;‘i’zz_"’m middle
and ribs of the anterior region of the cohunn are
unknown. .

In the Euvopean Mirosaurus the
rib articulations are satd to he nnicip-
ital excepting a possible faint division
in the posterior dorsal and anterior
caundal region (figs. 60a and 60b).

In Mirosaurus(?) atavus of the
European Muschelkalk the only ante-
rior dorsal vertebra known (fig. 61)
seems to have a double-headed rib
articulation. Several posterior dor- 60b
sals from the 00,1,19,(‘t10118 at S.tllttgﬂl't Figs. 60a and 60b. Mizosaurus cornalianus (Bassani).
(fig. 63) and Ziirich have distinetly Ribs natural size. (After Repossi.) Fig. 60a, dorsal
S(’pﬂ]'ilt(‘d diapophyses and parapo- rib; fig. 60b, posterior or anterior dorsal rib.
physes low down on the sides of the centra. Other centra (figs. 64¢ and 640)
not far from the region of the pelvis have a single, large, lateral apophysis in
which there may be some indication of narrowing near the middle. These last
centra show no traces of facets for intercentra, and if located behind the pel-
vis econld not be sitnated very far from it.

There are no vertebral centra available which certainly represent the middle
dorsal region of M.(?) atavus unless some of those which have heen referred
to the anterior and posterior portions belong here. A peeculiar eentrum figured
by Fraas (fig. 62) shows a cross-section similar to that of a middle dorsal, and
possesses a small hut prominent apophysis a little above the middle of each
side. The writer has not seen so small an apophysis for umicipital articula-
tion of middle dorsal ribs in any iehthyosaurs, but apophyses of this size, form,

60a
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and situation occur in the middle caudal region. The centrmm shows a cen-
tral perforation. Such perforations appear to be more common in the cau-
dal centra than in other regions of the columm, but the nearly cireular cross-
section is not characteristic of the caudal region. If the centrnm is an ante-
rior dorsal the apophysis present is possibly the parapophysis, the tuberele
having rested on the base of the upper arch.

That forms of rib articulation as different as those discussed above for
M.(?) atavus oceurred in the same region of the vertebral column in variations
of the same species or even of the same genus seems improbable. It wounld
therefore appear that we are dealing either with different parts of the verte-
bral column of similar individuals, or with quite different generie or specific

64a 64b

Tligs. 61-64b. Mizosaurus(?) atavus (Quenstedt). Vertebrae natural size. Fig. 61, anterior dorsal or posterior
cervieal; fig, 62, middle caudal or middle dorsal; fig. 63, posterior dorsal; figs. 64a and 64b, from posterior
dorsal or most anterior candal region; figs. 61, 64a, and 64b, from rough sketches by the author; figs. 62
and 63, after Fraas; figs. 61-63, from specimens in the Konig. Naturalien-Cabinet, Stuttgart; figs. 64a and
64b, from a specimen in the Polytechnikum, Zirich.

types occurring together, as do Toretocnemus and Merriamia in the Upper
Triassic of California. Apparently the only other possible situation in which
either of the types of vertebrae referred to the posterior dorsal region could
be placed would be the anterior caudal region; and that either form conld he
referred to this series is improbable as chevron facets are not present, and all
other Triassic forms as well as most Jurassie ichthyosaurs possess well devel-
oped caudal hypocentra.

In the ease of Mizosaurus, in which a division of the rib hieads is supposed
to oceur in the caudal region, Yakowlew (1902, 2) has suggested that the rib
articulations were originally single-headed, and that a division into two heads
began in the caudal region owing to the influence of the peculiarly powerful
lateral movements of the tail in swinnning. Having in mind the desirability of
determining the nature of the rib articulations in the pelvie region of Miro-
smrus, the writer has examined a number of the excellent specimens at Milan.
This examination shows that in some cases, at least, the short ribs near the
pelvie region or the base of the tail have broad, undivided heads, as in the
shastasaurian forms of the American Trias. In other instances ribs belonging
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to the anterior caudal region seemed actually to show a beginning division of
the articular face. In one case, where the evidence seemed strongest, the
apophysis on the vertebral centrum showed also some indieation of division.
It should, however, be noted that even in this instance the evidence hardly
warrants a definite statement that double articulation occurs, as the side of the
vertebral centrum is badly broken up, and does not present a satisfactory
surface on which to make a thoroughly trustworthy obhservation. The heads
of these ribs are moreover not fully exposed, and it is not impossible that fur-
ther preparation with a needle will show that the apparent gap between the
head and tubercle is filled by a bridge of bone covered by matrix lying in the
extension of a lateral groove. Tt is also worth noting that ribs with heads
formed as these appear to be as they are shown in the matrix, could not come
into direct articulation with the diapophysis without elevating the shaft above
the level of the other ribs.

In the case of the American Triassie genera, careful search has been made
to determine whether any division of rib heads in the posterior dorsal or eaundal
region could be discovered in any type exeepting Toretocnemus. 1In the poste-
rior dorsal region the rib heads are found to be generally very broad, but show
no indieation of incipient division. Inthe eaudal ribs no evidence of division
of the head has been observed.

From the evidence available, some doubt must exist as to the true eharaeter
of the rib articulation in the ancestral iehthyosaur. In all Triassie types
excepting Toretocnemus and certain forms of the M.(?) atavus group the
articulation is predominatingly unicipital. In all post-Triassic forms the artie-
ulation is mainly bicipital. If the double-headed articulation is primitive,
such forms as Cymbospondylus, Mirosaurus, Delphinosaurus, and Shastasaurus
are presumably not in the direet line of deseent, and the later ichthyosaurs are
probably to be derived from some such form as M.(?) atavus or Toretocne-
mus. If the unicipital artieulation is primitive either Cymbospondylus or
Mirosaurus might stand near the line of descent.

As far as the known relationships of the Iehthyosauria are concerned, there
seemi to be no particularly strong reasons for considering that either of the
known types of articulation must be the primitive one. Single-headed ribs
are perhaps the rule in the primitive Diaptosauria, but ineipient bieipital ar-
tieulation seems to be present in Kadaliosaurus. In the Phytosauria, which
have been considered as probably very closely related to the Ichthyosauria,
the rib articulation is markedly double-headed in the cervical and dorsal re-
gions. If the ancestry of the ichthyosaurian group be pushed back far
enough so that its origin may be considered to represent as carly a date as
that of the Diaptosauria, the ichthyosaurs must he supposed to have originated
from some braneh not far from the original cotylosaurian stem.
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Excepting Toretocnemus, some of the M.(?) atavus specimens, and a doubt-
ful division of the posterior dorsal and anterior caudal rib heads in Mirosaurus,
double-headed articulation in the Triassic forms is limited to the most anterior
region of the column, and in this region it becomes less pronounced in passing
back from the most anterior cervicals. In the region of the thorax, where
the ribs are long and are particularly influenced by the movements of the lungs,
they have a single head. The Iehthyosauria being purely aquatie, high-sea
animals may have remained under water for a considerable period at times,
and have required a large intake of air before submergence, and full inspir-
ation on returning to the surface. In the Cetacea, living under somewhat
similar conditions, we find the most specialized forms showing a tendeney to
reduee the rib articulation of the dorsal region to a single head. This head
is in the cetaceans, as in the shastasurian ichthyosaurs, the upper head or the
one allowing the widest exeursion of the ribs in inspiration. In the Cetacea
it may be noticed also that the reduction of the lower rib heads takes place
progressively forward, or oecurs last in the most anterior ribs, as in Shasta-
saurus. In the shastasaurs a number of distinetly double-headed ribs have
remained in the anterior region of the column. In the whales there being
no cervieal ribs the double artieulation may show an apparently more extreme
reduetion.

In the Cetacea where the capitu-
lum has become redueed, the tuberen-
lum is usually ounly loosely attached,
allowing the greatest possible move-
ment. In Shastasaurus the single
rib articulation of the dorsal region
is marked by the development of an
angle or prominence on the rih head

6656 and on the diapophysis. The artie-
[ b ' ulations are so situated on both faces
T, 0 a0 00 Shasasaurts ltiopie Merrion-  fhiat the upper portion of the rib head
gzt%%l};, X pol‘:;gr-ioﬁrﬁ%’r;gltgr:fl A e o and dmpop.hysw turn away from each
other, leaving a gap which was evi-
dently partly filled in with cartilage or conmeetive tissue (fig. 66). The
cutting out of space between the upper portion of the rib and the diapophysis
permitted a rocking movement of the rib head of such a nature as to allow ex-
traordinary elevation of the distal end of the rib shaft, and without redueing the
head to abnormally small dimensions.

A careful examination of the vertebral rib articulation in the cervieal and
anterior dorsal regions of Shastasaurus and of most specimens of Cymbospon-
dylus suggests most strongly that in passing backward through the series the

66a
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parapophysis is gradually disappearing, and the articulation is becoming solely
tubercular or diapophysial.  Yakowlew (1902, 1) has suggested that the bicip-
ital articulation in Tchthyosanria has arisen through the splitting of single-
headed ribs, or by atrophy of the median region of the head. If, however, the
double-headed 1ib is derived from a single-headed forin by reduction of the
middle portion of the head, the rednetion wounld probably not begin, as it does
in the anterior dorsal region of Shastasaurus, hy separation of a small and
apparently funetionless tubercle some distance away from the main rib head
(fig. 57). The division would ocenr according to this method by gradual con-
striction of the rib head nntil a small space cane to exist between two large
and functional heads. Though such a condition occurs in other reptilian
groups, 1t has not thus far heen known to exist in the Triassic Iehthyosauria.

In Shastasunrus and Cymbospondylus the parapophyses generally remain
about the same distance from the diapophysis no matter how large they are.
Thongh the diapophysis gradually inereases in height, the lower horder never
meets the parapophysis. In passing backward through the series the diapo-
physes gradually increase in size and the parapophyses decrease in size till the
latter disappear, but at the point of disappearance the parapophyses are not
absorbed into the diapophyses. The only case which might be considered as
an exception to this rule is that of a specimen of Cymbospondylus (fig. 58) in
which large parapophyses are present back to the twelfth eentrum. On the
thirteenth centrmm the diapophyses are much inereased in size, while the
parapophysis has disappeared on one side and is represented only by a rudi-
ment on the othexr side. The diapophyses on the thirteenth centrum are also
of a peculiar form, being swung backward instead of forward. The para-
pophyses do not gradually approaeh the diapophyses on this specimen but are
separated from them by a nearly uniform space.

If the double articulation has arisen from a single articulation in the forms
described above it mmst have eome in most cases through addition of an entirely
independent rib head, and an inferior or parapophysial tuberele. This would
mean that in the case of the rudimentary structures in the anterior dorsal region,
hoth parapophysis and lower rib head appeared and developed to a considerable
size before they could have any important funection; and that the local condi-
tions requiring a lower tuberele have progressed from the anterior cervical to
the anterior dorsal region in Shastasauwrus, or to the posterior dorsal region in
Ichthyosuurus and Baptanodon.

In view of what has been said above, it seems less probable that the double
articulation in the anterior dorsal region of the Shastasaurinae is ineipient
than that it is rudimentary; and it is possibly in order to consider the forms
exhibiting this type of rib artienlation as a side branch of the Ichthyosauria,
which early developed a tendeney to reduce the dorsal ribs to a single head.
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ABDOMINAL R1B PLASTRON.

Elements of the abdominal rib plastrou are known with nearly all of the
Triassic forms, but are in most cases seattered or disturbed to such an extent
‘that their arrangement cannot be clearly de-
termined. 1In one specimen of Cymbospon-
dylus petrinus a portion of the rib plastron
shown in fig. 65 was preserved without dis-
placement of the elements. Eaeh transverse
series consists of a broadly V-shaped median
piece and two lateral pieces. The median ele-
ment is not divided into two parts as in some
forms of Ichthyosaurus, but is produced for-
ward as a prominent kuob at the point of un-
ion of the lateral arms. All of the elements
of the plastron seem to be heavier and more
robust than in Ichthyosawrus. On this speci-
Fig, 65, Oymbospondyus potrinus Leidy. Ab- 1N€ND there seem to be two transverse series of

dominal rib plastron, X 34 abdominal ribs for each pair of true ribs.

In Mixosaurus the nature of the abdominal ribs is, according to Repossi’s
figures (Repossi, 1902, tav. 8, fig. 1, and tav. 9, fig. 1), much as in Cymbospon-
dylus, excepting that the elements are possibly less robust, and the anterior pro-
jection of the median pieces is acuminate, and is longer.

LiMB ARCHES.

The Triassic Iehthyosauria differ generally from the later types in the closer
agreement in size of the corrvesponding elements in the two limb arches.
Though there are some notable exeeptions, as in Mizosaurus and Merriamia,
the anterior and posterior limbs, and consequently the pectoral and pelvie
arches do not differ as widely in size as they are commonly seen to do in
Ichthyosaurus and the later gemera. A second difference generally distin-
guishing the .arches of the earlier forms is found in the greater expansion
of most of the elements, particularly of the pelviec arch. The large size and
more robust character of the elements of the pelvie girdle are to he interpreted
as directly indicating greater efficiency of the posterior limhs. The greater
strength of the hind limbs probably indieates less effectiveness in the eaudal
fin. The anterior arch as a whole is heavy, but is not stronger than the arch
of some forms of Ichthyosaurus.

Pelvie Arch.—In most cases the elements of the pelvis differ so far from
the corresponding bones of post-Triassic forms that they might readily he
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considered as representing a guite different reptilian group. This is partien-
larly true of the two inferior elements, which are much broadened, and show
the expanded plate-like form seen in some of the most primitive reptilian types.

The ilivm as known in Toretocnemus (fig. 69) appears to be considerably
clongated and is relatively slender. In Cymbospondylus (fig. 70) the ilinm is
somewhat shorter and is considerably expanded distally. As seen in specimen
9950, in which the elements of the pelvie arch seem to have held together, the
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Fig. 67. DProcolophon trigoniceps Owen. Pelvis, natural size. (After Broom.) Pu, pubis; Is,
isehium; O.f., obturator foramen.

Fig. 68. Stereosternum tumidum Cope. Pelvis, natural size. (After Osborn.) Pu, pubis; Is, isch-
inm; O.f., obturator foramen.

Fig. 69. Toretocnemus californicus Merriam. Pelvis, natural size. Pu, pubis; Is, isehium; II,
ilinm; O.f., obturator foramen.

ilium is turned forward at the proximal end. Nearly the same form of ilium
is present in Delphinosaurus (fig. 72) and Shastasaurus (fig. 73). In Delphi-
nosaurus there is on the posterior side, near the proximal end, a small tuberele
which does not appear in any of the other forms, and reminds one of the ante-
rior extension of the upper portion of the ilium in land or shore forms with
a strong sacral attachment.

All of the T'riassic genera agree in the broad expansion of the distal portion
of the pubis, but there is among them a considerable variation in the form of
the proximal end of the bone. Acecording to Repossi (1902, tav. 9, fig. 3), in
Mirosaurus (fig. 71) the strongly ecurved median margin of the pubis bends
into the proximal end of the hone without the formation of a hook, and there
appears to be no opening corresponding to the obturator foramen. In Tore-
tocnemus the pubis is very broad proximally as well as distally, and is perfor-
ated by an obturator foramen. In Cymbospondylus an obturator foramen
may be present as in Toretocnemus. In some cases the opening may possibly
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be ineompletely surrounded by a broad, recurved hook formed by the much
expanded median side of the blade as in Shastasanrus. In Delphinosanrus
and Shastasaurus the pubis is mmueh expanded distally, and the expanded
middle portion eurves backward so as to form a very prominent hook.

The form of the ischimmn is less variable than that of the other elements.
In all eases it is an expanded plate-like element without distinetly marked
tuberosities or constrictions. It shows the greatest transverse expansion in
Cymbospondylus, in which in some instances the width almost equals the length
(see fig. 134, p. 120). The narrowest form is seen in Toretocunemus, though the
expansion is considerable even in that genns.

The character of the pelvis in the Triassie Ichthyosauria mneh resembles
that of the early diaptosaurian reptiles, partienlarly in the nature of the in-
ferior or ischio-pubie portion. The upper portion of the ilinm is less robust
than in the Protorosauria and Pelycosauria, but not less so than in the Pro-
ganosauria, Choristodera, and Rhynehoeephalia. The pubis and ischinm of
Toretocnemus resemble the corresponding bones of Sterecosternum (fig. 68) in
all but minor details of outline, and so far as can be determined the ilium is
also similar. In Procolophon (fig. 67) the inferior elements are like those
of Toretocnemus, though the form of the pubis is more nearly ecireular. In
Champsosaurus the isehinm is similar and the pubis is perforated by an obtu-
rator foramen. Irom the inferior eclements of the areh in Palacoliatteria,
Toretocnemus, and Cymbospondylus differ mainly in the presenee of a elosed
obturator foramen instead of an obturator noteh. Ixeepting Torctocnemus
and Cymbospondylus all of the American Triassic genera resemble Palaco-
hatteria in the general form of the isehimm, and in the development on the
pubis of a posterio-median hook hordering an obturator notch. Of the known
forms, Mixosaurus is the only one in which neither foramen nor noteh appears
in the pubis, though otherwise the form of the element here differs but little
from that in the other genera.

As has previously been suggested by the writer (1902, 2, p. 86), thonugh the
pelvis of the Triassiec Ichthyosauria shows some resemblance to that of the
Plesiosauria, the form shown here denotes mainly a less complete aecommo-
dation of the skeleton as a whole to aquatie conditions, than we find in the
Jurassic ichthyosaurs. Koken” has seemed to imply that the plate-like pelvis
of Shastasaurus is not primitive, but represents a peenliar accormnodation.

23 Koken, E., N. Jahrb. £. Min. Geol. Palae. Bd. 1, p. 149, 1906.
¢“Das Becken von Ichthyosaurus ist nicht eigentlich angepasst; es durchlinft eine Reihe von Verinderun-
gen, welehe seinen Funktions-wert mehr und mehr herabsetzen; gerade bei Shastasaurus liegt Anpassung vor,
wie bei Plesiosauriern, weil wahrscheinlich, das geht aus den Resten der kriftigen llinterextremitdt hervor, diese
ein wichtiges Lokomotionsorgan blieb,”’ .

The view expressed by Koken is possibly not intended to be materially different from that of the writer as
given above; though taken with the context it appears to be a eriticism of the writer’s suggestion that the .ffyrm
of the pelvis indieates ‘‘less complete accommodation of the shastasauriau skeleton to purely aquatic eonditions
than we find in the Jurassie Ichthyosaurus.”’
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The question as to what constitutes a primitive character is not always
readily determined, but it would seem that in this case there could be no mis-
understanding. The course of evolution of the Ichthyosauria has led quite
definitely up to a form in which the prineipal motive power came to he ex-
erted through the candal fin, and as the tail became more powerful the hind
limbs were reduced in size and strength until their funetion amounted almost

to nothing. In all of the reecognized divi-

sions of the Ichthyosauria, even in the spee-

ialized Shastasaurinae, the tendency to de-

P velopment of a powerful seulling tail seems

to have been the saine, and the ultimate re-
sult of evolution if continued long enough
must have been the reduction of the hind
Iimbs. In the course of this reduetion of the
74 75 limbs, the arches have been rednced, until in

Fig. 74. Ichthyosaurus communis Conybeare. the latest type the 1'11(1ilnentary ischium and
Pelvis, X %. Pu, pubis; Is, ischium; 7, pubis are fused. Inasmuch as evolution of

T P g the particular kind seen in the ichthyosaurs
Fig. 75 Opthatmosaurus iconicus Seeley. 15 .ads to great reduetion or loss of the pelvis
chio-pubie bone, about 1; natural size. Pu, =] )
pubis; Is, ischium; O.f., obturator foramen. a posterior arch in whieh the elements have

e i Sngy) approximately the form and relative size
seen in the primitive reptiles, and are assoeiated with a large limb, may well
be said to be more primitive than that of Iechthyosaurus.

In the course of the reduction of the areh in the various divisions of the
Ichthyosauria, it is to be expected that slightly varying forms would be as-
sumed. That some of the variations which were in use while the posterior limh
was large and functional might represent some slight phase of special adapt-
ation is true, though the contention of the writer as previously expressed has
not been that the pelvis itself was more primitive, but that it indiecated less
complete accormnodation of the skeleton as a whole to purely aquatie condi-
tions than we find in the Jurassie Ichthyosaurus. That the pelvis considered
by itself might be assumed to be really more primitive than in the later Ich-
thyosauria appears also to be true, when we consider the extent to which the
pelvie arches of all Triassic genera resemble the type of pelvis seen in most of
the early Diaptosauria.

Pectoral Arch.—The shoulder girdles of the earlier ichthyosaurs resemble
that of Ichthyosaurus in strength and compactness, but differ generally in the
form of the individual elements. The only bone which is known to be con-
stantly different is the scapnla. This is always much expanded distally com-
pared with the form in all post-Triassic species.  The interelavicle, which is
certainly known only from Mirosaurus, is nearly triangular, instead of T-

of s
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show more uniformity in the character of the coracoid than is seen in the ichthy-
osaurian groups represented in the Jurassic. There is, however, a general ten-
dency toward narrowing of the proximal portion much as is common in the
forms of the Lower Lias. G

The scapula in all known Triassie ichthyosaurs is relatively broad distally,
and in most of the genera as Mirvosaurus, Shustusaurus, and Merriamia the
broad distal blade with an anterior hook shows considerable resemblance to
the form seen in the Mosasauria. In Delphinosaurus the same form of distal
expansion is seen, but the proximal region of the anterior margin is not cut

—~
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Fig. 81. Mixosaurus(?) atavus (Quenstedt). Interelaviele, X 14. (After von Huene.)
Fig. 82. Mizosaurus cornalianus (Bassani). Interclavicle, X . (After von 1luene.)

Fig. 83. [Ichthyosaurus quadriscissus Quenstedt. Interelavicle, X 15. (After von 1lluene.)

out so as to produce an anterior hook. In Cymbospondylus the form of the
clement is more like that in Iehthyosaurus, though the distal end is very much
broader and the proximal region of the anterior side is much enlarged.

The claviele of Cymbospondylus appears to be considerably more expanded
in the middle than in other forms. In Mirosaurus this element is rather
slender exeepting at the median end. The claviele of Shastasaurus is slender.

It is rather remarkable that the interclaviele is not recognized on any
American specimen representing the Triassie Iehthyosanria; exeepting pos-
sibly the type of Merriamia, in which its form is not clearly shown. In Miro-
sauwrus it is markedly broader than in the later forms, and might better be
denominated triangular than T-shaped as in Iehthyosaurus. Von Huene (1902,
p- 11) has described from the Wellenkalk near Calev a thick triangular bone
which he recognizes as an ichthyosaurian episternum. Placed in series with
the interclavieles of Mixosaurus and Ichthyosaurus quadriscissus, as has been
done by von Huene (figs. 81-83), there appears a very marked shrinking of
the originally triangular element to the three radii of the triangle in Iehthy-
oSauUruSs.

The shoulder girdle of the earliest known representatives in the Triassie was
already considerably speecialized in accommodation to the necessary funetions
of the fairly large paddles. The degree of specialization seen in this arch is
probably greater than in the pelvis, inasmuch as the anterior limbs being
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farther away from the caudal fin, interfere to a less extent with the movement
of the tail, and have a more definite and permanent value in the swimming
mechanism of the animal. It might therefore be considered at the outset as
a more diffienlt matter to determine affinities by the use of these elements than
by eomparison of the hones of the pelvis.

i

AN

Fig. 84.  Ichthyosaurus communis Conybeare, Pectoral arch, much reduced. 8¢, seapula; Co, eora-
coid; Cl, clavicle; Icl, interclavicle. (After Woodward.)

84

Fig. 85. Baptanodon discus Marsh. Pectoral arch, X 14, Se, scapula; Co, coracoid; Cl, claviele;
Icl., interclavicle; H, humerus. (After Gilmore.) :

Probably, for the reasons given above, the anterior arch of the Triassic
ichthyosanrs does not show the degree of eorrespondence with the pectoral
girdle of early diaptosanrians that is generally evident in comparison of the
posterior girdle with that of these forms. There is really no one of the diapto-
saurian groups in which the correspondence is known to be as close in the
anterior areh as it is in the posterior one. In Stercosternum (fig. 87) the
anterior arch is not perfectly known, but the coracoid appears to be oval and
imperforate in the yonng, and of somewhat similar form but perforate in the
adult. The supposed scapulae of a young individual® are semi-lunar in form,
and the interclavicle shows a diamond-shaped expansion at the anterior end of
a long and slender shaft. In Palacohatteria (fig. 86) the coracoids are small
and discoidal, the interelavicle is closely similar to that of Stereosternum, and
the secapula seems to differ mainly in the lack of excavation of the posterior
border.

In comparison with the above forms the broadly triangular interelaviele of
Mirosaurus suggests the expanded anterior end of this element in Stercoster-
num and Palacohatteria, though the differences are considerable. The seapula
of Stereosternum resembles that of Delphinosaurus, the broad perforated
coracoid is a little like the perforated coracoid of Cymbospondylus, and the
imperforate oval form corresponds to the type seen in Merriamia. There is no
single ichthyosaurian form in which all of the characters of Stercosternum or

7

24 Osborn, H.F¥., Mem. Am, Mus., vol. I, p. 487.






MERRIAM: TRIASSIC 1ICHTHYOSAURIA. 63

der. The clavicles are large in hoth forms. The interclaviele of Champsosaur-
us is T-shaped as in I'ehthyosanrus, but this element is unknown in Cymibospon-
dylus.

The type of arch seen in the Triassic ichthyosaurs seems to approach most
c¢losely the form seen in the Diaptosauria, but owing to important changes in the
functions of the anterior limbh in adaptation to natation, it has come to vary con-
siderably from that type in most cases.

Liass.

As carly as the Triassie the amount of differentiation shown in the limb
structure of the Ichthyosauria is surprisingly large, and apparently indicates
that several fairly distinet lines of evolution or adaptation had heen laid down.
Excepting the greatly specialized shastasaurian speecies of the uppermost
portion of the Upper Trias there is, however, in all of these varied forms an
interesting group of characters which seem to interpret themselves only as per-
sisting features of a primitive littoral ichthyosaurian with extremities having
functions quite different from those of the true Ichthyosaurus.

In general the limbs of Triassic ichthyosaurians are distinguished by the
following characters (sce figs. 90-101): the epipodial elements are relatively
long and are separated by a median space; in one or both of the epipodials
there is a tendency to show a median constriction; the phalangeal region of the
limb is rvelatively short; hyperdactyly never oecurs; hyperphalangy is much
less pronounced than in the later forms; the individnal phalanges are rela-
tively long, they are commonly notched on one or both borders even in the
digits not situated on the borders of the limb, and may in many ecases show a
median constriction or shaft portion. Though it is not true of several of the
genera, the hind limbs are generally relatively large. In Torctoenemus they
appear to he fully as large as the anterior limbs. In Cymbospondylus and
Shastasaurus they seem to have been almost as large.

While most of the above characters appear together in nearly all of the
known Triassic forms, there have been developed in the Triassie some limh
specializations which have eliminated certain of the primitive characters just
mentioned. This is particularly true of Shastasawrus, which is, however, a
very late Triassic form, and also represents a peculiar line of limbh speciali-
zation apparently not present in the Jurassic genera.

As nearly as can be determined, at least two types of limb structure are
represented in the Triassic genera. One form is seen in the broad paddle of
Mirosaurus with a long podial” region, four proximal mesopodials, an alter-
nating arrangement of the first and second rows of mesopodials, and five digits.

25 The word ‘‘podial’’ ig here intended to represent the metapodial and phalangeal regions.
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A second form is seen in the genus Merm+damia with a narrow paddle, a rela-
tively short podial region, three proximal mesopodials, a linear arrangement
of the first and second rows of mesopodials, and hut three functional digits.
I both genera the characters mentioned appear in hoth anterior and posterior
limbs. Of the four other genera recognized in the American Trias, Delphi-
nosanrus, Shastasawrus, and Toretoenemus appear to have a type of limb-
structure developed from some form like that seen in Merriamia. In Tore-
tocuemus, in spite of the fact that the rih artieulation is different from the
other three genera, the limh structure is much like that of Merriamia. The
American Middle Triassic Cymbospondylus may have a redueed phalangeal
formula as in the Upper Triassie genera, and might be presumed to he related
to these genera. It shows also a number of characters much like those of
Mirosanrus, and may be nearver to that genus than are the American genera
from the Upper Trias.

Mixosaurns and Cymbospondylus.—Probably the oldest limb elements
known in the Trias, consist of some isolated mesopodial or podial elements
and a humerus from the Muschelkalk of Germany. The humerns which was
deseribed by FFraas (1891, pl. 3, fig. 5) is not materially different from that of
Iehthyosaurus. These specimens oecur in the same beds with material referred
to M.(?) atavas and probably belong in one of the forms included in that group.

Next to the lower Musechelkalk specimens of Europe, the earliest limb
material is evidently that of Cymbospondylus (fig. 90) from the American
Trias, elosely followed in age by Mizosanrus (fig. 91) of the Italian Besano
shales. The limb of Mirosanrus is fortunately preserved complete, showing all
of the elements in position. In the known specimens of Cymbospondylus the
podial region has not thus far heen found undisturbed. These two forms
represent the most primitive limb strueture known in the Ichthyosauria. As
the broad type of limb is possibly represented in one and the narrow type in
the other, a comparison of the two is necessary in order to determine the
common, or primitive characters.

The anterior and posterior limhs of Cymbospondylus were evidently not
greatly different in size, the femmr being apparently about one-sixth shorter
than the humerus. In Mixosaurus the hind limb is relatively much smaller.
The humernus and femur of Cymbospondylus are both relatively slender hones
compared with the corresponding elements in other ichthyosaurians. In Mizo-
sanrus the femur is slender, but the humerus may lack a median constrietion,
and have a transverse diameter almost equaling its length. In both genera
the epipodial elements are relatively long compared with their own transverse
diameter, or with the diameter of the proximal mesopodials. The radius is in
both forms more slender than in other ichthyosaurian genera, and is much
narrowed in the median or shaft region. In Mirosaurus the ulna is convex
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posteriorly, having expanded somewhat on this side, as in the limbs of most
aquatic forms. 1In Cymbospondylus the posterior border is expanded, but
still shows a portion of the median or shaft region that has not been filled out
by lateral expansion.

In the posterior limb of Mirosuurus the propodial and epipodial bones are
more slender, and more strongly constricted in the median region than are the
corresponding elements of the anterior limb. In Cymbospondylus the femur
is a little more slender than the lnunerus; the tibia is narrower distally than
the radius, and the fibula has much the same form as the nlna.

In Murosaurus the proximal row of the mesopodial region in the anterior
limh consists of four elements of whieh the anterior three arve the radiale,
intermedium, and ulnare, in their normal positions. The fourth is a large
pisiform set far up against the posterior margin of the ulna. In the typical Cym-
bospondylus three proximal elements are known but the form of the posterior
side of the ulna suggests the presence of a pisiform as in Mizosaurus.

In Mirosaurus the podial region consists of five fingers, the number of
phalanges in each of which is relatively small for an ichthyosaurian, not ex-
ceeding ten to eleven in the median digits. Many of the individual phalanges,
particularly those in the proximal half of the phalangeal region and corre-
sponding more nearly to the primitive phalangeal elements, are slightly elon-
gated and show notches on one or both lateral margins, of such a form as to
suggest an originally constricted shaft region.

In Cymbospondylus the podial elements have never been seen in eomplete
series, but in several instances specimens representing parts of limbs show
groups of three ossicles in rows, suggesting that possibly we are dealing here
with transverse sections through mesopodial or podial regions with three digits.
The borders of the rounded elements are not exeavated or pitted as in Shasta-
saurus. (See figs. 112 and 113.) In one specimen an element similar to the
doubly noteched phalanges of Mizosuurus is associated with limb bones.

Considering the common characters of the limbs of these two gencra, the
oldest of the ichthyosaurian forms, both are seen to have more primitive epi-
podials than appear in any of the later genera. There is also some suggestion
that in C'ymbospondylus, as in Mirosaurus, a largely developed pisiform ele-
ment was present and in articulation with the posterior margin of the ulna.
In so far as they are known to differ, Cymbospondylus, apparently the older
genus, is more primitive, the humerus being more slender and longer in eom-
parison with the longitudinal diameter of the mesopodials; while. the ulna
remains narrower throngh failure to close the posterior noteh by inerease of
the transverse diameter. Ixcepting those more primitive features of C'ymbo-
spondylus mentioned above, the limbs of Mixosairus appear to be the most
primitive ichthyvosaurian extremities known, and may serve as representatives
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of the fundamental forms from which the modified stinetures seen in the later
Iehthyosauria have been derived. Partieularly is this true of the podial
portion of the limb which is so well shown in the Italian mixosaur specimens.

Though the suggestion has been made that the most primitive form of limb
in the Jurassiec Tchthyosauria possesses less than five digits,” it is probable
that the pentadactyl form seen in Mizosaurus is at least as near the primitive
type as the limb of any known genus. The suggestion that the most primitive
ichthyosaurian limbs have less than five digits is based on the supposition that
the short first digit has disappeared. As the ichthyosaurian limb was already
in Mixosaurus a highly specialized paddle it is to be presumed that if the first
digit were to disappear at all, it would have been eliminated hefore the mixo-
saurian stage of evolution was reached. There are, therefore, the alternative
hypotheses that the mixosaur paddle retains the primitive five digits and is
the most primitive known, or that after having lost digit number one, it has
brought the number of phalangeal rows up to five again by developing a digit
not represented in the original five, and is therefore not a particularly primi-
tive type.

In the development of the paddle in some aquatic animals there has heen
a tendency to eliminate the first digit, but this is by no means always the ease.
Judging from all the suspeeted relationships of the Ichthyosauria there is good
reason to suppose that the ancestors of this group were forms possessing five
digits. If such be the case, the general primitiveness of the mixosanrian limb,
and the fact that this is the most ancient paddle of which the podial region
1s known, suggest that the digits seen here are the primitive five phalangeal
series.

Another possibility, which should perhaps be borne in mind, is that the
carly ancestor possibly had only three or four digits. From what we know
of the primitive reptilian groups this seems improbable, but the faet that all
of the genera of the American Upper Triassic show a paddle structure of this
nature, and that there is reason for suspecting the oceurrence of a similar
structure in the Middle Triassic Cymbospondylus lends some appearance of
reasonableness to this hypothesis.

The form of the paddle and the arrangement of the mesopodial elements in
Mixosaurus in some ways closely resemble the structure seen in the latipin-
nate forms of Ichthyosaurus (figs. 104 and 105). 1In hoth cases the paddle
is relatively broad, and the third element of the second row of mesopodials
articulates proximally upon the intermedium. In the longipinnate forms -of
Ichthyosaurus (fig. 102), as in the American Upper Triassic genera, the third
element of the second row articulates with the posterior element of the first
mesopodial row and not at all, or only incidentally, upon the intermedium.
" 26 Lydekker, R., Geol. Mag., 1888. Dee. 3, vol 5, p. 310,
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The structure seen in Mirosaurus appears more primitive than in the other
forms, and seems also to show that no rearrangement of the digits has heen
made through addition to, or subtraction from the original number.

As to the definite relationship of the forms with the mixosanrian type of
paddle to the typical Latipinnati of the Jurassic, and to the more specialized
forms of the Baptanodon type, there may be some doubt, as the largely devel-
oped pisiform of Mirosaurus is not necessarily present in the Latipimmati.
According to Baur’s view (1887, 1) the pisiform of Murosaurus has ultimately
hecome the third or posterior epipodial element in Daptauodon (fig. 107).
There may, however, be some question as to such a transition through Iehthyo-
saurus. Though a small proximal element of the posterior podial row may
overlap the most posterior of the three elements of the first mesopodial row,
it is diffieult to demonstrate that the large pisiform of Mixrosaurus has been
continued through Ichthyosaurus to Baptanodon. As has heen shown by Fraas
(1891, pp. 27 and 30), the intermedium may come into articulation with the
propodial element and thus furnish opportunity for development of the
Buptanodon type of limb in any one of several groups. Boulenger (1904) has
also shown that in Iehthyosaurus extremus (fig. 108) even though it be of the
latipinnate type, the third element in articulation with the propodial is the
intermedium. It is also interesting to note that Broili*" has recently described
a broad-paddled form (fig. 109) which he refers to the Longipinnati.

Some suggestions as to the possi-
bility of rearrangement of the ele-
ments of the mesopodial region are
perhaps to be found also in the strue-
ture of the posterior limb of Miro-
sawrus. In the first row of the meso-
podial section of the hind limb figured

o

830V _32) by Repossi (fig. 111), as in the an-
S terior limbh, four elements appear
110 instead of three. 'T'he structure which

appears in this case is nmusnal, but is

probably explained by another speci-

Tig. 110. Mixosaurus cornalianus (Bassani). Posterior . fie Mikd B 0 &

limb, about natural size, from rough sketch by the men in the Milan museum ( g. 11 )

_ author. T, tibia; Fb, fibula; C, a distal earpal? i3 which only three elements are pres-
Fig. 111. Mixosaurus cornalianus (Bassani). Posterior . : 5 -

limb, natural size. (After Repossi.) F, femur; 7, ent in the proximal row. The lunate

ibia: Fb. fibula: C istal ez : .

aha s 6. Shuls CRRERS Rtspel intermediate element almost eloses

the gap between the tibiale and fibnlare, hut in a second row of hones

three elements articulate with the distal border of the intermedium; of these

the anterior one has erowded up between the tibiale and intermedium so as

27 Broili, F., Palacontog., Bd. 54, p. 151.

o
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almost to come in contact with the tibia. In the specimen figured by Repossi,
this element of the second row seems to have reached the tibia. This expla-
nation not only accounts for the fourth element of the proximal row, but may
also explain the presence next the posterior border of tarsale one, and appar-
ently functioning as tarsale two, of an eclement showing a strong median
constriction. This bone has the appearance of a metapodial or phalange, and
if the explanation given above is eorrect, is really a metapodial moved upward
into the position of tarsale two.

Judging from the other relationships indicated in the characters of Mixo-
sauras there seems to he reason for considering that the genus is possibly not
ancestral to any form of Ichthyosauwrus, but is associated more closely with
those forms in which the inferior rib head has been almost entirely lost. If
such be the case, the broad type of paddle in Mixrosaurus is evidently an inde-
pendent expression of a tendeney similar to that shown in the broad-paddled
forms of Ichthyosaurus.

Merriamia.—'The only Upper Triassie form in whieh the strueture of the en-
tive limb is known is the genus Merriamia, from the upper portion of the Upper
Trias of California. In this type the manus (fig. 92) is relatively slender and’
includes only three functional digits with the faint rudiment of a fourth be-
hind these. The humerus is relatively slender and shows a median eonstrietion.
The radius and ulna are one-half as long as the humerus and are separated
by a large opening. Beyond the first row of the carpus, the limb elements are
arranged in three well defined linear series, between whieh there is no inter-
locking. The metapodial and phalangeal elements are all more slender than
in Ichthyosaurns. 'The elements of the two outer rows are all notehed on the
outer border, and in many instanees a median eonstrietion is developed. In
the middle digit lateral notches are present only on the posterior border of
the elements beyond the first phalange. Ineluding the minute diseoidal terminal
elements, there ave eight phalanges in the middle digit and seven in the first
and third. In this genus the hind limb (fig. 99) is relatively small.

In eontrast with the form of paddle seen in Mixosaurus that of Merriamia
is exeeedingly narrow, and the podial portion is also relatively short. The
function of the paddle was evidently somewhat different from that in Miro-
saurus. The relatively longer humerus and shorter podial region apparently
gave the limb somewhat move freedom of movement than in the ease of the
limbs with shorter humerus and larger podial region as in Mirosaurns and
other broad-paddled iehthyosaurians.

Toretocnemus.—The anterior limb of Torctocnemus is unfortunately known
only in part.(fig. 139), but in as mueh of it as is present the strueture resembles
that in Merriamia. Only digits one and two are preserved and in these the
terminal phalanges may be missing, but the fourth element of digit one and
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the third of digit two are so small that the total number could hardly have
been larger than in Merriamia. 'The posterior paddle in this genus (fig. 98)
is also mueh like that in Merriamia, and the presence of a rudimentary fourth
or posterior digit is indieated by small facets on the posterior margins of the
elements of the third digit. In Toretocunemus the posterior limb is as large as
the anterior one.

Delphinosaurus and Shastasanrus.—In both Delphinosaunrus and Shastasau-
rus the propodial and epipodial limb elements are shortened as compared with
the limb of Merriamia. In Delphinosawrus (fig. 93) the humerus is scarcely
longer than broad, but retains a distinctly contracted shaft region. In Shas-
tasaurus (figs. 94 and 95) the humerus may be so greatly abbreviated that its
width considerably exeeeds its length.

In Delphinosaurus the radius and ulna are of nearly equal size and the ulna
differs from that of all other ichthyosaurs excepting Cymbospondylus in
showing a posterior noteh and a median constriction similar to that of the
radius. In Shastasaurus the greatly shortened radius has a narrow notch on
the anterior border while the posterior side is either only very slightly con-
cave or is distinetly eonvex as in S. ecareyi. In that species is found the only
exeeption to the rule that in the Triassic Iehthyosauria the radius and ulna
are separated by a distinet eleft. In Shastasaurus osmonti the posterior horder
of the ulna is convex.

Although the phalangeal region of the limbs of Delphinosaurus and Shasta-
saurus has not been seen in its natural arrangement in eonneetion with the re-
mainder of the limb, there seems to be a strong reason for believing that it
was of a redueed and presumably tridactyl type as in Merriamia and Tore-
tocnemus. In Delphinosaurus where the radins and ulna are of nearly equal
size, there are three elements each in the first and second rows of the meso-
podial region as in Merriamia, but the posterior elements in both rows are
much smaller than the others and much smaller than in Merriamia, suggest-
ing that the posterior digit was relatively small. In Shastasawrus the radius
is mueh larger than the ulna. The radiale, the only mesopodial which has heen
found in place, is eonsiderably larger than in any.of the other genera, and even
exeeeds the ulna in size. Evidently in this form the space for the posterior
digits was eonsiderably narrower thanin Delphinosaurus, which suggests that
Shastasaurus may have had only two well developed digits and a rudimentary
third. \

Though no series of paddle bones showing the form and arrangement of
the elements in the podial region of Shastasanrus has as vet been discovered,
in several cases a number of seattered bones representing mesopodials or pha-
langes have been found with other parts of the skeleton, but it has not been
possible in any instance to make certain of their position in the paddle. With
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specimen 9081 a number of discoidal hones are associated with the elements of
the shoulder girdle and the proximal portion of the limh. Three of these not
far from the radius appear from their position to represent a transverse row
from the proximal portion of the paddle (Cr. fig. 94). At one end of the row
the ossicle is much smaller than either the median one or the one at the op-
posite end. While it is not possible to make sure whether the elements seen
here belong in the podial or in the mesopodial region, the evident reduction
of one of the terminal hones supports the evidence for reduction of the third
or posterior digit as suggested above.

In several of the specimens of Shastasaurus discoidal ossicles present with
the limb elements are deeply pitted or grooved around the margins (fig. 113;

112 173 174

Fig. 112. Cymbespondylus petrinus Leidy. Metapodialser phalanges, X 15.
Fig. 113. Shastasaurus osmonti Merriam. Metapodial or phalange, marginal view, X 3.
Fig. 114, Baptanodon sp. Thalange, marginal view, X 3.

also pl. 15, figs. 3 and 4). This structure, with the eircular outline developed,
evidently indicates that they were embedded in heavy cartilage plates as in
Baptanodon (fig. 114). The only instance in which other than discoidal
elements have seemed to represent the distal portion of the paddle in Shasta-
saurus is in the type specimen of S. altispinus (pl. 18, fig. 4), in which there
are two ellipsoidal bones sharply notched at one end, but with the margins
grooved and pitted. The notches evidently indicate that the bones were on the
margins of the paddle.

In both Delphinosaurus and Shastasaurus the femur is more slender than
the corresponding elements of the anterior limbs. (See figs. 100 and 101.) The
tibia is relatively large compared with the small fibula. IBoth tibia and fibula
show a median constriction. Of the elements beyond the epipodials only a few
diseoidal ossicles are known.

STAGE OF EVOLUTION OF TRIASSIC ICHTHYOSAURS.

In viewing the Ichthyosauria collectively there seems to be no reason for
questioning the unity of the group. Throughout the entire series of forms in
which the history of the order is represented there is no doubt as to relation-
ship ; the oldest and the youngest members showing so strong a resemblance to
the typical genus that no question as to their common descent has arisen. In
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comparing the oldest forms with the latest there is, however, a strong contrast
m the strueture of many of the important parts of the skeleton, and the dif-
ferences ave of sneh a nature and so graded in time as to suggest progressive
specialization of a very definite type.
A list of characteristics in which the Triassic and the later Jurassie ichthy-
osaurs are found to differ would include the following:

o

=1

10.
1L

13.

14.

LATER JURASSIC FORMS,

. Locomotion almost solely by wmeans of
powerful vertical eandal fin.

Limbs much abbreviated, and funetioning
largely as fins rather than as paddles.
Epipodials reduced to the form of mes-
opodials.

Tlind limbs relatively small.

Epipodial, metapodial, and phalangeal cle-
ments reduced to polygonal plates, or
to approximately eircular dises with
coneave margins.

Number of phalanges in each digit greatly
inereased.

. Number of digits often greater than five.

Pelvis much reduced: in later forms with
ischium and pubis fused.

Pelvis loosely eonnected with body.

Skull mueh elongated, and relatively large
compared with the trunk. ‘

Jaws slender and much elongated.

Maxillaries relatively small ; premaxillaries
relatively large.

. Orbits greatly enlarged. Superior tem-
poral opening small, bar behind orbit
Very narrow.

Auditory apparatus consisting of massive
elements adapted to use in deep diving.

Teeth numerous, simple-conical, loosely at-
tached.

5. Vertebral centra high, relatively short an-

teroposteriorly.

o

-1

10.
e

13.

14,

TRIASSIC FORMS.

. Locomotion assisted to a greater extent by

paddles than in the Jurassie forms.

. Limbs relatively large and with important

funetion as paddles. First two seg-

ments relatively long.

ITind limbs relatively large.

Epipodial, metapodial, and phalangeal
elements often elongated, and with
shafted median region.

Number of phalanges in cach digit rela-
tively small.

Number of digits not inereased beyond
five.

. Pelvie elements heavy: inferior elements

much expanded.
never fused.

Ischimin and pubis

. Upper end of ilimn broad, indicating some-

what firmer eonneection with vertebral
colnmn than in Ichthyosaurus.

. Skull shorter compared with length of the

trunk.
Jaws generally relatively short.
Maxillaries relatively long, and premaxil-
laries relatively short.

. Orbits relatively small, temporal har be-

hind orbit broad.

Element supposed to represent stapes rela-
tively small,

Teeth numerous in
relatively few in Mixosawrus.
set in pits in older forms.

Cymbospondylus,
Teeth

. Vertebral centra averaging relatively long

and low.
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16. Neck short, usnally with two or more anterior 16, Neck region short, but anterior cervieal
cervical centra fused. centra all separated by wide interverte-
bral spaces.

17. All diserete eervical and caudal intereentra 17. Cervical intercentra few and small. Can-
apparently lost in some late forms, ele- dal intercentra large and united ven-
ments of lower arehes not united ven- trally to form Y-shaped lower arches.
trally.

18. Zygapophysial faeets of vertebrae reduced 18. Zygapophysial faces in the anterior half
or brought into one plane and nnited. of the vertebral eolumm neither united

nor brought into the same plane.

19. Neural spines of vertebrae strongly flat- 19. Nenral spines averaging relatively thick,
tened laterally. and may Dbe cireular in cross-seetion in

the anterior half of the vertebral eol-
umn,

20. Posterior region of tail bent downward 20. Distal region of tail showing relatively less
sharply for support of lower lobe of marked downward ecurvature. Sonie-
fluke. times bent upward strongly, and then

downward. '

21. Nenral arches of eandal region redueced 21. Neural arches in middle third of caudal
near bend of tail, owing to change of region not reduced. In some ecases the
form of finke. arches in this region are mueh elon-

gated and ecrected to broaden this
region of the tail.

22, Seapnla narrowed distally. 22. Seapula expanded distally.

23. Episternum T-shaped instead of deltoid. 23. Episternum approaehing a deltoid rather
than T-shaped form where known
( Mizosaurus).

24. Abdominal ribs often not united along 24. Abdominal ribs heavy, and united in a

median lne. prominent spine on the median line.

It will be noted that in the extended series of differences which appear in
the table above, nearly all are features of the skeleton which have been con-
sidered as standing in close relationship to aquatie adaptation. These
include also the principal ordinal echaracteristies distinguishing the group.
The last three characters only are not considered as necessarily standing in
close relation to aquatic adaptation, but possibly even these are to be aseribed
to the effect of adaptation of this nature. In the contrast between the earlier
and the later ichthyosaurians it is seen that nearly all of the eharacters of
the later forms whieh are econsidered as standing in elose relationship to aquatie
adaptation are less distinetly expressed in the Triassie representatives of the
group. In other words the eharaeteristies of the earlier forms are praetieally
all neaver those of shore or land reptiles, and those of the later ones take the
direction of specialization toward an adapted fish-like form. The evidence
hefore us shows that the trend of the specialization of the Ichthyosauria has
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been to develop those features whicli are of importance in purely aquatie life,
and to reduce in importance those structures which have little or ne funection
in such an environmeut as would be met under aquatic conditions.

In the earlier stages of the study of the Ichthyesauria various opinions
were expressed® as to whether the characters showing close relation of these
forms to their aquatic environment were survivals from a very primitive fish-
like ancestral type, or whether they were secondarily acquired through accom-
modation of a land type to life in the sea. Practically all investigators who
have expressed themselves on this point 1n recent years have held to the opinion
first given a basis of observed fact by Baur (1887, 1), viz., that the ichthy-
osaurs are specialized aquatic forms occupying in the Reptilia a position sim-
ilar to that of the cetaceans in the Mammalia. This view receives support
amounting to a demonstration from the evidence gathered in a study of the
history of the group. Not only is the stage of evolution of the Triassic repre-
sentatives nearer the shore or semi-aquatic reptilian type than in the later ones,
but a definite and fairly regular gradation or progressive specialization from
the earliest forms to thie latest seems to be recognizable in many parts of the
skeleton. The evidence of gradual modification toward the fish-like type pre-
sents itself not only in a comparison of the types of the sucecessive periods
with each other, but it is almost as distinetly seen in contrasting the forms
of the latest Triassic with those from the middle division or from the lower
part of the Upper Trias. It is clearly noticeable again in contrasting the
faunas of the Upper and Lower Lias, or in a comparison of the Upper Liassic
species with those of the later Jurassic and Cretaceous. Taken as a whole
the evidence is of such a nature as to leave no room for doubt as to the conrse
of evolution of the known representatives of the Ichthyosauria. While we
are unfortunately not able to see back to the beginning of the evolutionary his-
tory, extending from the Middle Trias to Cretaceous, it can hardly lead from
any other than a typical reptile with extremities constructed largely, if mnot
entirely, for ambulation.

In the evolutionary series beginning with the unknown crawling ancestor
of the ichthyosaur, Middle Triassic forms of the type of Cymbospondylus rep-
resent a stage in which the animals had already abandoned the shore as.a
place of regular habitation, but still retained in their skeletal structure enough
original characteristics to give a clue to their origin. Contrasted with the
Middle Triassic Cymbospondylus type we have at the latter end of the series
such forms as the Baptanodon-Opthalmosaurus group in which the adaptation
to life in deep water is so extreme as to have suggested to otherwise careful
investigators that these forms were less specialized than any other reptiles.

28 Gegenbanr, C., Untersuchungen zur vergleichenden Anatomie der Wirbelthiere, 2 IIeft., 1865. Paddles
derived from selachian fins.

1Xaeckel, E. Generelle Morphologie der Organismen. Bd. 2, p. 134, 1866. Resemblance to fish secondarily
aequired.
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ORIGIN OF ICHTHYOSAURIA.

Though the ichthyosaurs were throughout their whole known history eon-
stantly specializing along the line of adaptation to their aquatie environment,
we find that as early as the Middle Triassic they were already in the class of
the highly specialized aquatic reptilian types. Ifrom what we know, we can
hardly suppose them to have separated themselves from the parent shore type
far enongh to be ealled iehthyosaurs later than the early part of the Trias.
Possibly their origin dates from an even earlier period. There seems, there-
fore to he good reason for considering them one of the oldest of the reptilian
orders. 'The primitive ichthyosaur was evidently a typieal reptile, and eonsid-
ering the necessarily early period of its origin, antedating as it does that of most
of the other orders, it may be derived only from one of the very primitive mem-
bers of this elass. Unless we consider the ichthyosaurs as themselves one of
the primitive divisions of the Reptilia, we have only the most primitive repre-
sentatives of the cotylosaurian, synapsidan and diapsidan stems with which it
may stand in the relation of descent.

Woodward® has ineluded the ichthyosaurs in the reptilian group in whieh
the skull possesses a single temporal arcade, along with the Anomondontia,
Sauropterygia and Chelonia; at the same time ealling attention to the very primn-
itive characters of the skull. Cope™ in one of his last phylogenic arrange-
ments of the reptilian orders, derived the Iehthyosauria directly from the prim-
itive Cotylosauria.

Broom™ has separated the ichthyosaurs from hoth the Synapsidan and
Diapsidan groups. More recently Williston®™ has ealled attention to the fact
that ‘“‘the presence of an original lateral temporal opening is by no means
proved.” Baur®™ considered the ichthyosanrs rhynchoeephalian. McGregor™
and Oshorn® have suggested close relationship of the Icehthyosauria with the
Rhynchocephalia. ,

Excepting in those characters indieating adaptation to aquatie environment
the ichthyosaurian skeleton is undoubtedly very primitive. Whether it has
heen diaptosaurian, synapsidan or eotylosaurian in its original form is less
certain.

20 Woodward, A. Smith, Vertebrate Palacontology, p. 143, 1898.

30 Cope, E. D., Primary Factors of Organic Evolution, p. 115, 1896.

31 Broom, R., Proc. Zool. Soc. Lond., 1901.

32 Williston, S. W., Biological Bulletin, vol. 7, p. 186, Sept. 1904.

33 Baur, G., Am. Nat., vol. 21, p. 837, 1887.

34+ McGregor, J. H., Science N. 8., vol. 16, p. 27, July 4, 1902.  Also, Mem. Amer. Nat. Hist., vol. 9, part 2,
p. 91, Feb. 1906.

35 Osborn, 1I. ¥., Mem. Amer. Mns. Nat. Hist., vol. 1, No. 8, p. 456, Nov. 1903.
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Sonie of the most definite opinions regarding relationship to other groups
are those of the several writers who have considered the Rhynehoeephalia the
ancestral type. While the lehthyosauria show a stroung reseniblance to these
diaptosaurians in many characters. it is to be questioned whether this similarity
is more than a survival of common primitive eharacters in both. At any rate, if
it be shown that a number of the most characteristic features of the Diaptosau-
ria are lacking in the Ichthyosauria we shall hardly be justified in considering
the diaptosaurs as their ancestors.

Recently MeGregor® has expressed the opinion that the diapsidan order
Phytosauria includes the nearest known relatives of the ichthyosaurs, and that
they represent the nearest approximation to the amphibious form through
which the ichthyosaurs passed in their evolution from rhynchoeephalian-like
aneestors, ‘‘thongh no known phytosaurian can actually be the ancestor of the
Iehthyopteryvgia.”

The phytosaurs and the ichthyosaurs have many charaeters in common, and
particularly the phytosaurs show some affinity with the most primitive diap-
tosaurians. There are, however, a number of characters which seem to indi-
cate that the phytosaurs and iehthyosaurs have arisen quite independent of
cach other. In order also to have the appearance of being intermediate between
the ichthyosaurs and the primitive diaptosaurs, the phytosanrs should precede
the ichthyosaurs in time. We find, however, that the phytosaurs belong main-
ly to the latter part of the Upper Triassie, while the ichthyosaurs were a sharp-
ly differentiated and highly speeialized group early in Middle Triassie time, and
had already expressed in them most of the characters which separate their Jur-
assie representatives from the phytosaurs. In spite of the faet that the orbits
were much smaller in the earlier ichthyosaurs than in the later genera, and that
the inferior temporal areade was large enough so that a primitive lateral open-
ing would not necessarily be closed by contraction of the bar, this lateral open-
ing is not present as in the Phytosauria. There are also no antorbital and no
external mandibular vaeuities in the ichthyosaurs; the squamosal and supra-
temporal are not fused; the pleurocentrumn of the atlas was large; no ectoptery-
goid is eertainly known; a large pineal foramen was present; the exoeccipital
and opisthotie were not fused; there was no tendency to develop a secondary
palate; the pterygoids were in contact with the basioeeipital; and the thoraco-
Immbar vertebrae were more numerous than in the phytosaurs.

The phytosaurs are typically rhynchoeephalian in more characters than the
ichthyvosaurs. The main features in which they show special similarity to the
ichthyosaurs are found in the strueture of the rostrum and the masal region.
The median position of the nares appears, however, almost a normal character
of marine air-breathing vertebrates, and the extension of the premaxillary re-
" 36 McGregor, J. 11, Op. cit., p. 89.
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gion oceurs in the development of an elongated snout in most groups of reptiles
exeepting the Croeodilia and Choristodera; so that in the ease of the Phytosat-
ria the peeuliar feature is the presence of an elongated snout with median nares
in a fresh-water form not otherwise highly specialized. The significance of
this parallelism is possibly no more than that the phytosaurs are not necessari-
ly erocodilian, rather than that the ichthyosaurs are modified phytosaurs.

It seems that the characters in whieh the phytosaurs and ichthyosaurs dif-
fer at least balance the special resemblances whieh may be common inheri-
tances from very early aneestors. It also appears easily possible that the time
of origin of the ichthyosaurs was at so early a date that some diaptosanrian
characters, as the lateral temporal opening, have never appeared in them. The
phytosaurs are not far removed from the typical Diaptosauria. They may
have originated early or may have had their origin in the latter part of Middle
Triassie time. It is doubtful whether their peculiarities, aside from very prim-
itive features which parallel eharacters in the ichthyosaurs, existed in the
phytosaurs as early as the time of origin of the Ichthyosauria. It is not im-
probable that the phytosaurs simply parallel to some extent the amphibious
type through which the ichthyosaurs must have passed in their evolution, and
that they developed as a distinet phytosaurian group after the iehthyvosaurs
had become typieal marine animals.

VARTATION IN THE ICHTHYOSAURIA.

The Ichthyosauria exhibit through the whole range of the order such a con-
staney in the major features of their skeletal plan that no question has ever
arisen as to whether a particular form is properly eonsidered as a member of
the group. There is, however, a eonsiderable range of variation in certain
important groups of eharacters, and indefiniteness rather than fixity of generic
and specific features seems to be the rule in the better known forms. Though
the variability is shown to some extent in all parts of the skeleton it appears
in its most extreme form in those struetures which are most distinetly modified
in adaptation to aquatie life. "

An example is seen in the paddles of Iehthyosaurus, the fundamental strue-
ture of which has always remained mueh the same. In the podial region the
digits have always held close together, in contrast to the divergent fingers of
the mosasaurian type; and the phalanges have inereased greatly in number,
with accompanying average shortening. The number of digits has however
-aried between Jehthyosaurus communis with a possible ten longitudinal rows
of phalanges, and I. acutirostris with three, or Shastasaurus probably with
two and a rudimentary third. With the variation in the number of digits, the
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number of the phalanges and the form of the paddle have generally varied,
so that the many fingered paddle of I. communis is broad but short, and the
paddles of I. acutirostris are excessively long and slender. The two types of
paddles represented by I. communis on the one hand, and I. platyodon with
I. acutirostris on the other hand, distinguish two groups of ichthyosaurs which
are in the main fairly distinet (figs. 103 and 104). They were separated by
Kiprijanoff” as Latipinnipedes typified by I. communis, and Longipinnipedes
represented by I. platyodon ; but were not designated as genera, as there seemed
to be no point at which a dividing line eould be drawn satisfactorily. This
classification was accepted in somewhat modified form, by Lydekker®™ in pre-
paring his catalogue of fossil reptiles of the British Museum, the group names
heing changed to Latipinnati and Longipinnati. The groups have been recog-
nized by Fraas and other investigators who have made particularly close
studies of the strueture and relationships of the Ichthyosauria. Fraas accepted
the divisions Longipinnati and Latipinnati but treated them as groups, and not
genera, as had been done by Kiprijanoff and Lydekker. More recently they
have heen designated as distinet genera by Jackel® and Boulenger.*

If the longipinmate and latipinnate divisions of the ichthyosaurs of the
Lower Lias actually represent distinet groups of species tending to specialize in
somewhat different directions, they should be recognized as separate genera.
It 1s, however, true that most of the investigators who have worked over large
collections have found the separation of the two divisions so difficult that they
have refrained from giving generic values to them.

To a considerable extent the same difficulties that are met in this grouping of
Jurassic species of the true ichthyosaurs are found in the definition of other
genera and species. The species of Opthalmosaurus and Baptanodon appear
quite widely separated from the typical forms, but in reality most of the char-
acters which separate them from Ichthyosaurus are to be found in various
forms of Ichthyosaurus itself.

The statements which have been made regarding variation in the structure
of the paddles might apply almost as well to most other portions of the skeleton
in which eharacters of generie or specifie rank appear, as in the facial region
of the skull, the dentition, and the caudal fin. A general study of the consid-
erable variations occurring inside the Ichthyosauria scems to show fewer inter-
ruptions between the various forms recognized than commonly appear in
natural groups. These facts apparently indicate a high degree of plasticity

37 Kiprijanoff, M., Mem. 1’acad. imp. d. se. St. Petersburg, VII ser., t. 28, no. 8§, p. 88.

38 Liydekker, R., Geol. Mag. London, 1888, Dee. 3, vol. 5, p. 310. Also Catlg. }oss. Rept. and Amphib. Brit.
Mus., pt. 2, p. 13, 1889. )

39 Jackel, O., Mérz-Protokoll d. Deutsch, geol. Gesel., Bd. 56, Jahrgang, 1904, p. 32. Jaekel proposed the
name FEurypterygius for the latipinnates, and Stenopterygius for the longipinnates.

49 Boulenger, G. A., Proe. Zool. Soc. Lond., vol. 1, p. 425. Aug. 2, 1904. Boulenger uses the generic name
Ichthyosaurus, sensu stricto, for the Latipinnati; and Proteosaurus Home for the Longipinnati.
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in the ichthyosaurian types of Jurassic time. Judging from the number of
forms known in the Trias this plasticity was at least as pronounced in that
period.

The plasticity, or the greatest variation, in ichthyosaurs has appeared in
those portions of the skeletal structure which stood in the most immediate rela-
tion to their environment, and ecould be most easily modified by changes in
habits, food, or any variation in the elements of their surroundings. The most
variable portions of the skeleton are probably the paddles and the caudal fin.
In many of the principal characters of the cranial region of the skull a most
remarkable econservatism is shown; only in the form of the rostrum and in
the nature of the orbit do we find variation comparable to that of the limbs.
The significance of the location of the centers of greatest variation seems to be
that the variation is to a great extent determined by the peculiar relation of the
animal to its environment, and in those centers where no distinetly important re-
lation of this nature exists variation has been insignificant.

The fact that the different iehthyosaurian forms recognized are not easily
separable, offers some support to the view that they represent stages in a dif-
ferentiation of the group which has taken plaee at a fairly uniform rate, and
has not therefore given us sharply distinguished and persistent resting stages,
such as have sometimes been considered to represent genera and speeies.

In so far as the above suggestions hold good, the evolution of these forms
may indicate that the species have originated either as the direet result of nse
and disuse due to pressure of the environment; or that they have arisen as
variants or mutants in which the direction of mutation has been determined by
the same external factors whieh would be supposed to direet use and disuse
in the application of the Lamarckian hypothesis. Aeccording to this suggestion
the known ichthyosaurian types may be explained as having arisen under
slightly different sets of conditions, either at the same thmne in different places,
or at different times in the same place.

Whatever he the ultimate cause of the progressive specialization seen in the
Ichthyosauria, this tendeney beeame almost a constitutional feature. In spite
of minor variations and of the inelination of geographieally separated types to
take somewhat different paths in their speeialization, the general trend of evolu-
tion of all forms over the earth has been in the same direction, and at about the
same rate. In most instances the horizon in which a Triassie ichthyosaur belongs
may be determined by the degree of specialization of any one of a considerable
number of struetures, as e.g., the zygapophyses of the vertebrae. Where char-
acters of late forms seem to appear in early ones, the average of the characters
of the whole organism will be found to indiecate a relatively low level of speeial-
ization. In the tail of the Middle Triassic Cymbospondylus the reduced upper
arches of the distal caudal region suggest a caudal series like that of the later
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Lehthyosaurus, but the vertehral centra of this region in Cymbospondylus offset
the beginning specialization of the arches by preserving a remarkably high and
compressed or primitive form.

The tendency which the Ichthyosauria have shown to keep the same general
trend of specialization through their whole history, and in all geographic
regions, is not coutrary to the suggestion advanced above; viz., that the modi-
fications introduced in this group usually indicate the bringing about of a closer
relation to their environment. The all important feature which distinguishes
the Ichthyosauria as an order is their aquatic adaptation. Entering as they
have into a realm very different from that in which the immediately ancestral
types have lived, the factor which has overshadowed all others has heen the
neeessity of getting a working basis for life in water, particularly with relation
to locomotion. The extent of the ehanges required in the accommodation of
all ichthyosaurians, whenever and wherever they have existed, to those simpler
features of aquatic life whieh are the same in all periods and in all places, may
be responsible in a large measure for the generally similar trend of evolution.

In this connection we naturally enquire why it was necessary for the Ieh-
thyosauria to leave their original environment, for surroundings in which an
entirely different equipment was necessary. The only explanation which
offers itself suggests a possible echange of food habits, through the discovery
that certain of the thriving cephalopod groups of the early Mesozoie furnished
an abundant and ecasily obtained food supply. KEven in the most favorable
light, however, the problem of definite variation in the Ichthyosauria in some
of its aspects scems to invite a resort to orthogenesis; or to the view that there
are factors influencing variation which are not as yet understood, and that these
tendencies to similar variation may express themselves in related groups for
long periods, and in regions widely separated geographically.

Taking the history of the Iehthyosauria from the earliest stages to the latest,
the following statements regarding the group seem to be warranted by the
known suceession of forms: (1) The group is unquestionably a unit, and no
doubt has arisen as to the eommon origin of the forms included in it. (2)
There has been a very considerable advance in specialization extending through
a long period. (3) Variation has been greatest in those stimetures standing
in the closest relation to aquatic adaptation. (4) Variation seems generally-
to be of the continuous rather than of the saltatory type. (5) Variation is
remarkably direet, or takes much the same course in all forms of the same
geological age.

CLASSIFICATION OF THE ICHTHYOSAURTA.
After some knowledge had been obtained of types distinet from Iehthyo-

saurus, the carliest attempt at elassification of the groups included in the
Tehthyosauria, was that of Baur (1887, 1), in which three families, the Ichthyo-
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sanridae, Baptanodontidae, and Mixosauridae, were established. To these
Merriam has more recently added a fourth group, the Shastasauridae (1902,
2). At the time when these families were deseribed the arrangement of the
ichthyosaurian forms seemed fairly simple, but in reality comparatively little
was known regarding any of these groups excepting the Ichthvosauridae.
Since that time the principal points in the structure of Mirosauwrus have heen
made known hy Repossi (1902), the material available for study of the Amer-
ican Triassic forms has very greatly inereased, and large additions have heen
made to our knowledge of the strueture of Baptanodon' and Opthalmosaurus.*

With the recent increase in the available information, many points of
relationship have heen determined among the ichthyosaurian forms, but the
tendency on the whole has been to make a satisfactory arrangement miore
difficult than before. While the four families already described may still he
recognized as fairly distinet groups, they do not adapt themselves to a phylo-
genie secheme such as would seem to be demanded by the long historie series
now known, and in which cognizance is taken of the faets of geographic dis-
tribution. The evolutionary history of the Ichthyosanria now extends from
the Middle Triassic to the Cretaceous, a considerable series of forms being
known from all of the principal marine horizons representing this division of
geologie time. We find the Ichthyosauria as a group showing a remarkable
nnity with a fairly direet tendency of evolution marked out in all the subdivi-
sions, and a considerable number of stages are passed throngh in the known his-
tory. It is therefore to be expected that to express the classification of the
group in the form of phylogeny would be a fairly simmple matter. In a gen-
eral way the horizontal classifieation, viz., that recognizing the forms of only
one horizon, meets few obstacles. In a lincar arrangement the tendency of
progression, speeialization, or evolution is distinet, and the stages recorded are
fairly definite. In viewing the whole scheme both horizontal and linear it is,
however, difficult to discover charaeters which are fundamental and persistent,
or which are adaptive and persist unchanged to such a degree that they may
be used in a elassification scheme. To a eertain extent it is true that in pass-
ing from one period to another the characters considered as diagnostic are
replaced by others. '

The characters on which the eclassification of the Ichthyosauria was based
by Baur ineluded only modifications of the extremities and dentition, both of
them features which would most readily respond in adaptation to agnatie con-
ditions. The distinguishing characters of the Shastasauridae as originally
deseribed were found in the ““peculiar artieulation of the dorsal ribs, the form
of the pelvie arch, and the presence of the long-spined chevrons.”” It has been

41 Gilmore, C. W., Mem. Carneg. Mus., vol. 2, no. 2, and no. 9.
42 Andrews, C. W,, Geol. Mag., Deec. 5, vol. 4, p. 202.
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shown more recently that the type of limb structure in Shastasawrus is also
quite different from that in the other divisions of the Ichthyosauria.

Of the various groups of characters in which the Ichthyosauria show dif-
ferences, the strongest contrasts are found in the (1) limbs, (2) pelvic areh,
(3) caudal fin, (4) caudal chevrons, (5) articnlation of dorsal ribs, and (6) the
dentition. The variation in most of these characters may apparently he attrib-
uted to adaptation of the peculiar type expressed in the Iehthyosauria.

If the ichthyosaurs be taken as a whole, one of the most striking contrasts
is shown in a comparison of the Triassic and post-Triassic forms, particularly
in the characters just mentioned, as is indicated by the following table:

JURASSIC
TRIASSIC CRETACEQUS
e —— - TS — e

3 2 2
&) 5 2 2 2 3
X @ g & = 5 g s
- SENE RS N B e T
B = ES 3 54 = % S =
2 S g 3 2 S S = =
. b3 = = = 3 > g 3
S AR L T A
< 3 S S 3 = = =

S W G 8 L SR

Rib articulation mainly single X SR X X X

Rib articulation mainly double X X X S

Distal end of eaudal series strongly deecurved ? g ? X X ?

Caudal vertebrae with y-shaped lower arches 5 5% ? X N X

Pelvis plate-like, not redueed X X ? X X X

Pelvis much redueed X X X

Scapula mueh broadened distally X X X X X ?

Epipodials separate and relatively long 5K X X X X TR

Hyperphalangy developed X X

Phalangeal elements sometimes shafted ? X he H X

Phalanges polygonal or diseoidal ? ? X X 5 X

Phalanges reaching double the normal formnla

for diapsidan reptiles ? ? ? X ?
Teeth numerous 5 X ? ? ? X
Teeth differentiated X ? ? ?

Teeth in pits SEObL LS ! ? ?

* In part.
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Considered without regard to age, the dividing line in the Ichthyosauria
would certainly be drawn between the well-known T'riassic¢ genera on the one
hand, and on the other hand the post-Triassie Iehthyosauwrus and later types.
Considered from the historical point of view it might be presumed that as
niost of the characters in which these groups differ are closely connected with
the peculiar kind of adaptation which we see here, the differences simply ex-
press stage of evolution; and that probably some of the kinown Triassic forms
are ancestral to Ichthyosaurs, Baptanodon, and O pthalmosaunrus.

If the post-Triassic types bhe exelnded from consideration, as presumably
derived from some of the known Triassic forms, the contrasts shown in the
remaining ichthyosaurs are much less marked. The principal eontrasts seen
in the Triassic forms are in the strueture of the podial region of the limbs, in
the rib articulation of the cerviecal and dorsal region, and possibly in the
dentition. In Mirosaurus the podial region is broad and forms a relatively
large part of the paddle. In the American Upper Triassie genera, which are
probably slightly vounger than Mirosaurus, the eorresponding region forms a
relatively small portion of the limb. It is also relatively narrow and the
number of digits is reduced. In Cymbospondylus, from an carlier Middle
Triassic stage than Mirosaurus, the structure of this region is not eertainly
known, but the podial portion appears to have three transverse rows of pha-
langes like Merriamia, while the form of the distal end of the ulna suggests
the presence of a fourth or posterior element in the proximal row of the meso-
podial region as in Mirosawrus. In the rib artieulation, Mirosaurus seems to
be characterized by the presence of only a single head in the dorsal and eervieal
region, and a possible ineipient division of the broad heads of the posterior
dorsals and anterior caudals. In all of the American Triassic genera, exeept-
ing Toretocnemus, no division oceurs in any part of the series excepting in the
the most anterior portion of the vertebral eolumn, where it is always present.
In Toretocuemuns the middle dorsals show a wide division of the rib head.
This seems to extend well back toward the pelvis. The anterior dorsal and
cervical regions of this genus are unknown. The limb structure is apparently
like that in Merriamia. In the specimens referred to Mirosaurus(?) atavus,
the oldest known iohthyo'sn,u1'ian occurring in the Middle Trias, both single and
double articulations oceur, and two distinet types may be represented.

On the basis of difference of limb strueture and rib artieulation, Mizosaurus
would apparently be separated from all of the Amerieah genera as a broad-
paddled, pentadactyl type, in which bicipital rib articulation is reduced to a
minimum. The American genera including Toretocnemus would be distin-
guished as narrow-paddled and with persistent bicipital rib artieulation in the
cervieal region. Toretocnemus might be classed with the American shastasaur-
inesasa form in which the limb strueture had beeome narrowed or leptocheirous,

P
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but in which an original bicipital rib articulation had persisted. The Enropean
M.(?) atavus may be in part related to Mirosaurus, and in part to other groups
with bieipital rib artienlation.

It is donbtful whether any single group of characters should be used in
attempting to determine the course of development or the relationships of the
forms in this order. We may, however, fix upon those features which have
been most persistent, and have generally followed the most direct course of
evolution. The most persistently differing characters in close relation to
adaptation are found in the variation in structure, and possibly in function of
the paddles. This variation is apparent from the Triassie forms up to the
acme of the Jurassic representatives of the group. The most marked differ-
ence in characters which might be considered as fundamental is found i the
rib articulation. Both the broad and narrow types of paddles are far removed
from a primitive form of the limb. While the rib artieulation has evidently
also varied considerably in all of the forms, it is to be presumed that in certain
parts of the vertebral column the characters have changed less than in the limbs,
which are in closer touch with the environment.

If an attempt be made to elassify all of the ichthyosaurian groups on the
basis of the struceture of the paddles or of the rib articulation, it is seen that
the characters do not vary together. They are so entangled that broad and
narrow types of paddles appear in forms with mainly bicipital artienlation,
as in the latipinnate and longipinnate forms of Ichthyosaurus, and are also
found in types with mainly single articulation as in the broad-paddled Mizro-
saurus and the narrow-paddled Merriamia. 1f therefore any phylogenic
scheme is to be based on these characters, it will be necessary to determine
which of these two kinds of variation is the more primitive, and which has
developed secondarily in the separate lines of deseent. Of the two sets of
characters, the nature of the rib artienlation would seem to he more nearly
fundamental than the structure of the paddles; and one of the forms of rib
articulation is presnmably primitive, the other being a variation from it.

From evidence which has been presented in the general disenssion of the
vertebrae (p.53) there secem to be some reasons for considering the donble
articulation as more probably primitive than the single artienlation. If such

be the case, all Triassic forms excepting Toretocnemuns and M.(?) atavus

must be set aside as speecialized and not ancestral to Iehthyosauwrus. 1f the
double articulation be primitive, the forms with bieipital articnlation, as
Ichthyosaurus and Baptanodon, have retained a primitive character not pre-
served in the shastasaurines or in Mizosaurus, and these groups must be con-
sidered as specialized branches from the persistent stock, and not ancestral to
Ichthyosaurus.

On the other hand, if -the single articulation of the rib head be primitive,

r)
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Mirosaurus may lead divectly toward Ichthyosawrus, though the American
forms would still remain as a separate group, excepting possibly Toretocnemus.
This last geunus, in spite of the presence of what is considered a primitive
character, is geographically so situated as to make its relationship to Iehthyo-
saurus very doubtful, and the similarity of its limb structure to that of Mer-
riamia makes it probable that it is to be considered as a persistently primitive
form coming from the same stock as Meriiamia.

If the double 1ib articulation be primitive, there is as vet no form known
which would be considered as the ancestral ichthyosaurian type, unless it he
one of the imperfectly known forms of M.(?) atavus of Euwrope. If for no
other reason, the geographie situation of this type, which is itself a factor in
classification, is such as to suggest that Iehthyosaurus is descended from it,
and that Mirosaurus is also derived from it. Whether the American genera
can be considered as derived from M.(?) atavus or from some earlier form
must he left undetermined until more is known of MM.(?) atavus. As yet the
available material is very seanty. The geographic situation of M.(?) atavus
is also very distant from that of the oldest American Middle Triassie forms,
and the disparity in age is not great; so that the ancestors of the American
forms may have come from some region other than Europe.

Without heing able to construet a thoroughly satisfactory phylogenie seheme,
there appears to be good reason for considering that there are present in
the known material representing this order, at least four groups in which the
common origin of the constituent members is fairly certain, and in which the
rank of the larger included groups is high enough so that the four divisions
must themselves be considered as not ranking lower than subfamilies. These
divisions are the Ichthyosauridae, Baptanodontidae, and Mixosauridae of Banr,
and the Shastasanridae of Merriam. Of these groups the Ichthyosauridae
and Baptanodontidae are both types with bicipital articulation of the dorsal
ribs. They are otherwise closely related, and may be brought together as one
group, which might well be designated the Ichthyosauridae with two divisions.
If Ichthyosaurus is divided into several genera as is the present tendency of
writers, and if Baptanodon is to be distingunished generieally from Opthalmo-
saurus, this family should be subdivided into two subfamilies, the Ichthyosau-
rinae and Baptanodontinae.

The relation of the American shastasaurs to the mixosaur group isnot entirely
clear, but the character of the dorsal rib articulation and the general correspond-
ence in other parts of the skeleton suggest that the resemblance may mean more
than primitiveness alone, and that these two divisions should be united ina larger
group of family rank, the Mixosauridae with the Shastasaurinae and Mixosaur-

inae as subdivisions.
The following arrangement seems most nearly to represent the relations of

these groups:
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atavus may be associated with cither of the two families; it may be subdivided
into two quite distinet gronps and associated with both; or it may be consid-
ered ancestral to both.

The phylogenetic scheme on the preceding page illustrates the broader rela-
tionships of the ichthyosanr groups, as they may he assumed to be situated on the
basis of a primitive bicipital rib articulation.

The major divisions of the Ichthyosauria may be defined as follows:

ICHTHYOSAURIA.
MIXOSAURIDAE.

Articulation of dorsal ribs generally unicipital. Hypocentral elements of
the caudal region uniting to form long-spined chevrons. Distal region of
andal series not strongly decurved. Zygapophyses in anterior half of ver-
tebral colmmnn consisting of distinetly separated lateral faces. Nwmber of
presacral vertebrae may reach 65. Pelvie elements plate-like, relatively large.
Scapula expanded distally. Epipodial elements relatively elongated, and
separated by a cleft (excepting in Shastasaurus careyi). Hyperdactyly not
developed. Hyperphalangy less marked than in Ichthyosauridac. Phalangeal
elements frequently elongated and shafted. Faeial vegion shorter and max-
illary longer than in Ichthyosauridae. Orbits relatively small in most forms.
Postorbital bar not markedly narrowed. Teeth few to numerous, isodont or
differentiated, in open grooves or in pits.

Mirosaurinae. Presacral vertebrae 48-50 (?). Cervicals with unieipital
rib articulation (?). Distal region of caudal series curved npward anterior
to the posterior end, and slightly decurved distally; neural spines elongated
and erected in the region of curvature. Pubis without obturator notch or
foramen. Interclavicle with expanded median stem. Podial portion of pad-
dles relatively long and broad, five digits present. Orbits moderately large.
Teeth well spaced, set mainly in pits, differentiated.

Shastasaurinae. Presacral vertebrae 45 (?) to 65. Cervicals with bicipital
rib articulation. Distal region of candal series as in the Mixosaurinae, or
somewhat decurved as in the Ichthyosauridae. Pubis with obturator noteh or
foramen. Paddles with relatively short and narrow podial region. Digits
where known reduced to three or four. Orbits small to large. Postorbital
bar not greatly narrowed. 'Teeth numerons, close set in open grooves or in pits.

ICHTHYOSAURIDAE.

Artienlation of the presacral ribs mainly bicipital. Hypocentral elements
of the caudal region sometimes absent, when present not meeting to form long-
spined chevrons. Distal portion of candal series sharply decnrved and enclosed
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in the lower portion of a two-lobed sculling fin. Zyvgapophyses consisting of
a single anterior or posterior face. Presacral vertebrae about 45 in number.
Pelvie elements much reduced. Seapnla narrow distally. Hind limbs gener-
allv much reduced. Epipodial elements very short and mot separated by :
cleft.” Hyperdactyly frequent. Hyperphalangy very pronounced. Phalan-
geal elements polygonal or rounded. Facial region relatively long. Maxillary
relatively short. Orbits very large. Postorbital bar generally narrow. Teeth
numerous, isodont, in open grooves.

Ichthyosaurinae. Hypoeentral caudal elements usually present.” Inferior
pelvie elements separate or fused. Epipodial region of anterior limbs including
only two elements.”” Epipodial bones angular in outline. Phalangeal elements
polvgonal, sometimes notched on the anterior side in the anterior row. Teeth
numerous.

Baptanodoutinae. Hypocentral elements reduced, or absent from caudal
region. Ilinm and ischium fused. Epipodial elements three in number in the
anterior limb. All limb elements excepting the propodial and anterior epipodial
are discoidal in form, and with excavated or pitted margins. Orbits very large,
and postorbital bar very narrow. Teeth few and small.

SYSTEMATIC DESCRIPTIONS.

MixosavRrUs( ?) aTavus (Quenstedt).

Ichthyosawrus atavus Quenstedt. Petrefactenkunde, Anfl. 1. 1852, p. 129; Aufl. IT, 1867,
p. 160, Taf. 6, fig. 7-10.

Mizosaurus atavus, major and minor (Fraas). Ichthyosaurier d. Siideutsehen Trias-
and Jura- Ablagerungen, 1891, p. 37, Taf. 1, fig. 17 and 18; Taf. 3, fiz. 1-16.

Ichthyosaurus(?) atavus (Merriam). Am. Jour. Se., vol. 19, p. 30. Jan., 1905.

To this species Quenstedt referred a number of fragmentary Triassie speeci-
mens evidently representing ichthyosaurians. In the absence of distinguishing
characters it was included in the genus Ichthyosauwrus. In additional material
of similar type Fraas recognized characters separating this form from Ich-
thyosaurus, and included it in the genns Mizosaurus, which had been deseribed
by G. Baur from a study of the Italian Triassie material. More recently
Merriam has questioned the generie identity of this form with the species re-
ferred to Mixosaurus. :

Vertebral Column.—The vertebrae of this form are known through a
comparatively few specimens, nearly all of which are represented by centra
without arches. ’
mtionally slightly separated.

44 See page 46.
45 Rarely, as in Ichthyosaurus extremus, with more than one element.
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In the collection of the Kéniglichen Naturalien-Cabinet of Stuttgart there
is a small centrum which, as far as can be determined, agrees in all its char-
acters with the most anterior dorsal or cervical centra of Ichthyosaurus or
Cymbospondylus. It is somewhat broader than high, and apparently had two
lateral facets for rib articulation (fig. 61). The upper portion of the vertebra
is however damaged so that the complete separation of the facets cannot now
be proved. The upper facet was evidently continuous with the superior sur-
face for artienlation with the neural arch. A somewhat broken centrum, no.
3068, in the collection of the Polvtechnikum of Ziirich seems also to helong in
this region, as the superior articulation with the rib is continuons with the
articular surface for the upper arch. Part of the lateral face of the vertebra
was unfortunately covered with matrix. This centrium is nearly circular in
cross-section. The one from the Stuttgart collection has nearly the same form,
but is a little broader, indicating probably a position near the posterior end of
the cervical regiomn. '

There are no vertebrae available which represent the middle dorsal region,
unless possibly a specimen (fig. 62) figured by Fraas (1891, Taf. 3, fig. 12)
belongs there. This last vertebra is a very little higher than wide and seems to
hear a single sniall apophysis just above the middle. The writer has not seen
so small an apophysis for unicipital articulation of dorsal ribs in any ichthy-
osaur, but apophyses for rib articulation, of this size and similarly situated on
the side of the centrum, are found in the middle tail region. The width of the
centrum is, however, greater than is generally seen in caudal centra of Triassie
genera and the inferior snrface seems to show no facets for chevrons. Fraas
considered this centrum a caudal. If it is not a caundal, it might possibly be
considered as an anterior dorsal in which the tuberele of a widely-forked rib
head rested entirely on the base of the upper areh.

Several vertebrae differing considerably in their characters seem to repre-
sent the posterior portion of the dorsal region. Of these the larger number
are like figures 63, p. 50; and 115« and 1150.  The first of these two specimens
was described by Fraas, the second is from the collection at Ziirich. The form
of the first centrum and the inferior position of the apophyses ean probably
indicate no other position in the column than that near the pelvic region. The
inferior surface is rounded, showing no facets for hypocentra, and it is evi-
dently not a candal but a posterior dorsal. Other centra inclnding one (figs.
1164 and 116b) from the collections at Ziirich, and two from the eollections
of the Technische Hocehsehule of Stuttgart show a form of the eentrum some-
what similar to those just described, but support only a single lateral apophysis.
There are in these specimens no distinet traces of facets for intercentra, and
it is not probable that they were sitnated far behind the pelvie region.

The first indication seems to be that the formns of centra discussed above
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Tigs. 115a to 120c. Mizosaurus (1) atavus (Quenstedt). All figures natural size. Figures except-
ing 118 and 119 from rough sketehes by the author. e

Figs. 115a and 115b. Posterior dorsal vertebra showing double rib artieulation. Irom the eol-
lections of the Polyteehnikum, Ziirich.

Tigs. 116a and 116b. Posterior dorsal showing single rib articulation. ¥rom the ecollections of
the Polytechnikum, Ziirich.

Figs. 117a end 117b. Posterior dorsal showing double rib artieulation. From the collections of
the Polytechnikum, Ziirich.

Figs. 118 and 119. Caudal vertebrae. (After Fraas.)

Figs. 120a to 120c. Anterior eaudal vertebra showing facets for chevrons. From the collee-
tions of the Polyteehnikum, Ziirieh.
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show Dhicipital rib artieulation in the dorsal region in one case and unicipital
articulation in the other. That forms of articulation as different as these
occurred in the same region of the vertebral collinn in variations of the same
specific o1 even generie type seems improbable. It appears that we are dealing
either with different parts of the vertebral column of similar individuals, or
with quite different tyvpes oecurring together, like Torctocnemus and Merriamia
in the Upper Triassic of California.

With some evidence of double articulation in the anterior dorsal region and
also in certain posterior dorsals, it is possible that all ribs back to the pelvis
were double-headed, and that the vertebrae possessing a single large lateral
apophysis, but without facets for lower arches, were in the pelvie region or
immediately behind it.

If it should be shown that figure 62 page 50, really represents a type with
unicipital middle dorsal ribs it is probable that there are two types represented,
one with mainly or entirely single-headed ribs and the other with double-
headed ribs back at least to the pelvis.

In neither case does there scem to be evidence that there are double rib
articulations in the caudal region, behind vertebrae to which single-headed ribs
are attached.

A typical vertebra from anterior portion of the caudal region is repre-
sented in figures 120, 1200, and 120c. The centrum shows some lateral
compression and has a hexagonal eross-section. The inferior surface presents
prominent angles on whieh distinet facets for the inferior arches are present.
Other posterior caudals, one of which shows a high degree of lateral compres-
sion, are represented by figures 118 and 119 (Fraas, 1891, Taf. 3, figs. 150 and
160).

Most of the forms of vertebral centra seen in the specimens deseribed above
do not correspond exactly to those of other ichthyosaurians. In those with
double-headed rib articulation the heads seem to have been more widely sepa-
rated in the posterior dorsal region than in Iehthyosaurus. 'This may indicate
a more primitive stage of a reptilian form originally with double-headed ribs,
from which Iehthyosaurus is derived. 'The centra in which the position in the
vertebral series has been determined by the form of the cross-section, and by
the confluence of the upper portion of the rib articulation with that for the
upper arehli, are much like eervicals of Ichthyosaurus, Shastasaurus, or Cym-
bospondylus. In the centra with single articulation in the pelvie region the
form is not very different from that in Cymbospondylus. 1f the specimen
represented in figure 62, page 50, is a middle dorsal it is different from any other
form known, but would apparently approach nearer to Mirosaurus than to any
other genus.

As far as has been observed the centra of all of the vertebrae of the M.(?)
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atavus type are deeply biconcave and do not show a marked flattening of the
anterior and posterior faces near the periphery (figs. 117a and 1170). An ex-
ception may appear in some of the distal caudals.

Of the vertebral arches the only one known to the writer is the upper arch
(figs. 34a-34¢) deseribed by Fraas (1891, Taf. 3, figs. 6a-¢). This is an ante-
rior dorsal arch of much the same type as in Cymbospondylus. The zyvgapo-
physial facets are very primitive in that they are still distinetly separated, they
do not fall into the same plane, and they are still far from coming into a hori-
zontal position.

Limb and Arch Elements.—The only limb hones of M.(?) atavus known,
include a humerus deseribed by Fraas (1891, Taf. 3, fig. 5), and several sep-
arated podial elements figured by Quenstedt (1852, Taf. 6, figs. 9-10). The
humerus is a slender but not greatly elongated element with a very high pec-
toral ridge. Though somewhat damaged distally it does not appear to be more
slender than the propodial element in a number of other iehthyvosaurians (sece
von Huene 1902, p. 11).  The other known limb elements are possibly mesopod-
ials.

A nmumber of bones from the arches are known but have not vet heen de-
seribed.

Jaws and Dentition.—Of the skull only a few fragments consisting of jaws
are deseribed. KExeepting the somewhat greater prominence of the surface
seulpture, and the insertion of the teeth these elements are much as in
Ichthyosaurus.

The dentition which is fortunately known in several jaw fragments presents
interesting characters which suggest that Mizosaurus is possibly a elosely re-
lated type. In the several specimens which Fraas had before him there were
present a portion of an anterior end of a jaw with slender eonical teeth (fig.
15, p. 28) and a part of a jaw in which there are two teeth with low blunt
crowns (fig. 16, p. 28). In one of the two teeth in the second fragment the
crown is considerably compressed laterally, and is a little lower than in the
other. In both teeth the erown shows surface markings on the enamel, and is
apparently not reduced by wear. The bases exhibit strong folds of the dentine,
and appear to be partlv’in pits. These specimens apparently indieate a dif-
ferentiated dentition similar to that seen in Mixoseurus. The structnre and
insertion of these teeth are somewhat like that of the ichthyosaurians described
from the Trias of Spitzbergen (see p. 149).

Mixosavrus Baur.

Ichthyosaurus (Bassani), Atti della Soe. Ital. di Se. Nat., vol. 29, p. 15.
Mizosaurus Banr, Ber. d. 20 Versam. d. Oberh. Geol. Ver., 1887, p. 19.

Distal end of caudal region slightly hent but not sharply deeunrved as in
Ichthyosanrus, broadened by elongation and erection of the vertebral arches.
< 2 o/ te]
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Caudal vertebrae with Y-shaped chevrons. Rib articulation mainly single-
headed, with a disposition to divide indistinetly shown in the posterior dorsal
and anterior caudal regions. Inferior pelvie elements plate-like. Interclavicle
tending to assume a triangnlar rather than a T-shaped form. Anterior limhs
and arches considerably larger than posterior. Humerus not relatively elon-
gated compared with Ichthyosaurus, in some instances much abbreviated or
broadened. Epipodial elements relatively elongated, radins with wedian con-
striction, ulna convex on posterior horder. Digits five, maximum munber of
phalanges ten to eleven in the longest digit. Phalanges generally somewhat
clongated and with median constriction or lateral noteh. Elements of poste-
rior limbs generally less specialized than those of anterior limb. Skull rela-
tively large compared with size of trunk. Facial region relatively short and
maxillary relatively long compared with the form in Ichthyosaurus. Orbits
large. Dentition showing some differentiation, anterior teeth slender-conieal,
posterior teeth blunt-conical. Teeth rather widely spaced, and set mainly in
distinet pits,

The genus Mirosaurus was based by Baur oun Bassani’s Ichthyosaurus
cornalianus of the bhituminons shales in the Upper Triassic of Besano in
northern Italy. Though material from other regions and other horizons has
been referred to this genus, it is not certain that any of these forms really
represent Mixosaurus. In the following disenssion only the typical material
from Italy is referred to this genus. The other forms may be doubtfully re-
ferred to this group or may be referred to other genera, as will be indicated
elsewhere. }

Known only from the Triassic.

MIXOSAURUS CORNALIANUS (Bassani).

Ichihyosaurus cornalianus Bassani, Atti della Soe. Ital. di Se. Nat., vol. 29, p. 15.
Mixosaurus cornalianus (Baur), Ber.d. 20 Versam. d. Oberrh. Geol. Ver,, 1887, p. 19.
Mizosaurus cornalianus (Repossi), Atti della Soe. Ital. di Se. Nat., vol. 41, p. 7.

The material representing this species now in the Civie Museum of Milan
includes a number of very exeellent specimens, well illustrating the strueture
of nearly all of the important parts of the skeleton. The deseriptions of
Bassani and Baur having given only a suggestion of the characters present in
this interesting animal, Dr. E. Repossi (1902) has made a satisfactory com-
parison with this material possible, through the publication of a number of
excellent figures accompanied hy a general description of the skeleton.

The speciniens known are mostly small forms only a few feet in length.
There are a few remains of larger individuals, but the average size of the forms
is small eompared with most other known ichthyosaurian groups. In contrast
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with Iehthyosaurus of the Jurassie, Mirosaurus shows decidedly less of the
extreme specialization in adaptation to aquatie life. Although not only a
typical aquatic form, but already far advanced along this line of specialization,
in nearly all respects in which comparison ean be made, it is decidedly more
like a shore animal than are the Jurassic ichthyosaurs. This incompleteness of
adaptation is seen partienlarly in the organs of locomotion, but is also expressed
more or less distinetly in other portions of the hody. Though Mirosaurus is
probably not more primitive than the Middle Triassic Ichthyosauria of America,
it is evidently one of the most generalized members of the group.

Some characters in which Mirosaurus departs from the typical ichthyosaurs
possibly represent specializations of this particnlar genus rather than per-
sistent primitive characters. The mniformly small size, in itself a primitive
character, has however tended to keep the North-Italian forms more generalized
in eertain respects than some of the larger forms of the American Trias.

121 123 124 125 126

Figs. 121 to 126. Mirosaurus cornalianus (Bassani). Figs. 121 to 125, after Repossi. Fig. 126,
from rough sketeh by the author. TFigs. 121 to 125, natural size. Fig. 126, about natural size.

Figs. 121 and 122, dorsal vertebrae; fig. 123, neural areh of a dorsal vertebra; fig. 124, caudal
eentrnm; figs. 125 and 126, lower arches of caudal vertebrae.

Vertebral Column.—Several of the best specimens taken together represent
practically the whole of the spinal column, though in most specimens it is
hardly possible to obtain thoroughly satisfactory information concerning all
regions of the series. Acecording to Repossi, the vertebral column consists of
about one hundred to one hundred and five vertebrae. Judging from his
figure (1902, tav. 8, fig. 1) of a nearly complete specimen there were between
forty-five and fifty presacrals. In one of the Milan specimens the writer has
counted ahout seventy-six vertebrae behind the posterior limb. These two
estimates would seem to bring the total number up to one hundred and twenty.
The number of presacrals appears approximately the same as that in Iehthyo-
saurus, though a complete specimen might show a few more than the average
for the later genus. This is in strong contrast to the presacral formula of
Cymbospondylus, which comprises more than sixty-five vertebrae.

As in all other ichthyosaurians the centra are biconecave. The concavity
appears to extend well out toward the margins (fig. 121), and is not expressed
mainly near the middle of the eentrum,exeepting possibly in the caudals.
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Throughout the larger part of the colunm, back to the middle of the candal
region, the neural spines arve relatively high and slender, but are not greatly
broadened anteroposteriorly. The zygapophyses are distinetly developed (fig.
123), but are not particularly large or strong. The writer is uncertain as to
whether the zygapophysial facets are separated.

In the characters of the candal region Mirosaurus differs greatly from
Tchthyosaurus, and to a cousiderable extent indicates less complete adaptation
to aquatie conditions. In its broader outlines the tail seems to differ consider-
ably from the eandal region of all later Ichthyosauria. In contrast to the
form of caudal fin seen in Ichthyosaurus, in which the distal portion of the
vertebral column is rather sharply deflexed, the Mirosawrus specimens avail-
able show near the end a gentle upward eurvature of the colnmn, whieh then
bends down again and straightens out near the distal portion. (See fig. 45, p.
42, and fig. 50, p. 43.) The strncture seen here would evidently offer sup-
port to a distal expansion of the tail, and would econsiderably inerease its power
bevond that of the form of propelling tail which is commonly found in types
which inhabit both shore and water. This fin would possibly have less power
than the wider expansion of the double-lobed fin of the typieal Iehthyosaurus.
Evidently the form seen here marks the transition from the straight, but some-
what broadened, tail of a shove dweller to the speeialized fluke of the later
iehthyosaurs.

As has been shown by Repossi (1902, tav. 9, fig. 8), the superior arches of
the caundal vertebrae near the bend in the tail are extraordinarily high, and
tend to take an ereet position; those over the posterior portion of the bend
inclining forward. This peculiar feature is noticed in those exhibition speeci-
mens in Milan in which the candal region is well shown. Its funetion is
evidently the broadening of the eaudal fin at the point where the greatest
amount of power ean be applied to the best advantage. It is paralleled in
several other groups of aquatie saurians in which the adaptation has heen
generally eonsidered somewhat less complete than in the iehthyosaurs. In the
mosasaurian genus Clidastes the velations of this portion of the tail region are
somewhat similar. (Sece fig. 51, p. 44).

In addition to inerease of the height of the tail through the elevation of the
superior arches we find the centra of a eonsiderable portion of the tail region
very much compressed laterally and relatively high (fig. 124).

As in the American Triassic forms, the lower arches of the candal region
are united ventrally to form long-stemmed chevrons. The form of these
chevrons is not unlike that in Delphinosaurus perrini. 1t is possible that Re-
possi’s fig. 9¢, tav. 9 (1902) represented as an upper arch is really a chevron,
as it duplicates the form of chevrons shown in the specimens in the Milan
museum. (See figs. 125 and 126.) It may be noted that the space available
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for the spinal canal is relatively much larger than in the large unquestionable
neural arches figured by Repossi (1902, tav. 9, fig. 90). The lower arches
extend behind the bend in the tail and appear to be at least as long in that region
as are the eonsiderably shortened neural arches.

The nature of the inferior arches helow the region in the tail in which the
upper arches are elongated most is not clear. Aceording to Repossi’s repre-
sentation of this region (1902, tav. 9, fig. 8), the facets for chevrons are mmch
reduced or absent here. The inferior arches sketehed in dotted lines in Re-
possi’s figure do not actually exist in the specimen. On another specimen in
which the caudal region is otherwise well shown, the hypocentra are again
absent from this region. Though lower arches are present farther back in the
tail, it is possible that they became reduced helow the region of upward curv-
ature.

Ribs.—In contrast to the bicipital articulation in the typical ichthyosaurs,
the heavy ribs of the dorsal region articulate on a single head (see fig. 60a, p.
49), as has been shown by Repossi. In the cervical region the rib artienla-
tion seems to be single-headed as in the dorsal region. On one specimen a
short rib, apparently belonging to the third or fourth vertebra behind the skull,
has a single head. As interpreted and figured by Repossi, the ribs of the pos-
terior dorsal or hunbar vertebrae are double-headed.*® In diseussing this peeul-
iarity of Mizosawrus, Yakowlew (1902, 1 and 2) has suggested that as the single-
headed rib precedes the double-headed in the history of the Ichthyosauria, the
latter form is evidently to be derived from a single articulation by some pro-
cess of division of the rib head. Since this division seemed to appear first in
the pelvie vegion of Mirosaurus the suggestion was made that its appearance
was connected with the extraordinary movements of this portion of the body in
the use of the tail as a seulling organ. The relations of the ribs of Mirosaurus
as deseribed being entirely different from those of the American forms, in
which a double articulation oceurs in the neck only; the writer has examined,
as carefully as possible, the exeellent specimmens on exhibition in the Milan
museum, for evidenee bearing on this point. This examination shows that in
some eases at least the short ribs near the pelvie region or the bhase of the
tail have broad undivided heads, as in the shastasaurian forms of the American
Trias. In other instances ribs belonging to the anterior caudal region seein
actually to show a beginning division of the articular face. In one case where
the evidence seemed strongest, the apophysis on the vertebral eentrum showed
also some indieation of division. Tt should, however, be noted that even in
this instance the evidence hardly appears to warrant a definite statement that
double articulation occurs, as the side of the vertehral centruin is hadly broken
up, and does not present a satisfactory case. The heads of these ribs are,

46 Through a typographiecal error the original descriptions did not agree with the figures.
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moreover, not fully exposed, and it is not impossible that careful preparation
with a needle will show that the apparent gap hetween the two rib heads is
filled by a bridge of bone, now covered by matrix lying in a lateral groove.
It is also worth noting that with the form which these rihs appear to have as
they lie in the matrix, the upper head could not come into direct articulation
with the diapophysis without elevating the shaft above the level of the other ribs.

Though it is difficult to make certain of the identity of all of the specimens
which have been described by Repossi. it has appeared to the writer that the
most strongly forked rib figured by him (1902, tav. 9, fig. 10) possibly corre-
sponds to a cross-seetion of a eertain neural arch which is associated with other
specimens that have evidently heen the originals for some of his excellent
figures of vertebrae and ribs.

On the whole, the few instances in which bifurcation of the articular heads
of ribs may occur, seem to the writer to he not sufficiently elear to warrant a
definite statement that these ribs are normally divided, though a tendency in
that direction may possibly exist. On the other hand, that such a disposition
to divide should exist is rather remarkable when we consider that the Ameri-
can Triassie forms show an evident tendency to lose the bicipital articulation,
and that they retain it only in the anterior vertebrae. In the typieal Iehthyo-
saurus and in Baptanodon, where double-headed ribs are well developed
through the greater part of the ecostal series, the pelvie and caudal regions are
the only places where they do not normally oceur.

Abdominal rbs are present in the Milan specimens of Mizosaurus. In
Repossi’s figures they resemble those of the American Triassie forms in the
union of the pieces next the middle line of the abdomen to form a median
spine, though the spine appears to be longer and more acute than in Cymbo-
spondylus.

Extremities.—As was first shown by Baur (1887, 1), the limbs of Mixo-
saurus furnish fairly definitely evidence that the anecestral ichthyosaurian type
was a shore form. In Baunr’s figure of the limb the charaeters of the propo-
dial and epipodial segments were somewhat exaggerated, as the bones in this
region are really less slender and relatively less clongated. In other portions
of the limb, which were possibly not examined by Baur, other characters
appear which also point definitely toward an aneestral form with a simple type
of limb like that in a shore form. The characters emphasized by Baur are
therefore not to be considered as incidental or aecidental developments parall-
eling what is seen in an ambulatory type of limb, but they express in one way
what is also definitely shown in other parts of the limb, or in the limb as a whole,
and is distinetly visible in most other parts of the body.

Fortunately a nnmber of the Mirosaurus speeimens in the Milan munseum
are preserved in a fine shale, and as the individuals are small, the limbs have
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in some instances heen buried almost entire before decomposition could permit
a scattering of the elements. The figures of an anterior and a posterior limb
shown by Repossi (1902, tav. 9, figs. 2 and 3) evidently represent almost perfect
extremities. Contrary to what might have been expected from what is known
of some other primitive Triassie 1ehthyosaurians, the posterior limbs are very
considerably reduced in size below the dimensions of the anterior limbs. Evi-
dently the hind limbs had already to some extent lost their usefulness, and
were degenerating.

The anterior limb while eonsiderably larger than the posterior one is also
in some respeets more speeialized. In other words it has retained larger size
as advantageous in the performance of its peculiar funections connected with

locomotion by swimming. The hind limbs not being re-
quired in swimming as much as the fore limbs have grad-
ually beeome reduced, but have not in the course of this
reduetion heen foreed to acquire as many new characters in
adaptation to aquatic conditions. The anterior limb (fig.
127) is more primitive than that of the typieal Ichthyo-
saurns in several important particulars: the epipodial ele-
ments are elongated and separated hy a wide gap; the
number of digits is the normal five; the phalangeal ele-
ments are less numerous than in most ichthyosaurs; in
many eases the phalanges are relatively elongated and show
a median eonstrietion. The humerus of Mirosaurus does
not show partieularly primitive characters. Compared with
most species of Ichthyosaunras it is a relatively short and
broad element, The humerus figured by Repossi (1902, tav.
9, fig. 2), with the remainder of the limb, though a relative-
ly wide hone is very much narrower than in certain other
Fig. 127. Mizosaurus cor-  gpecimens in the Milan colleetion. In one specimen the
nalianus (Bassani). An- 4 .
terior limb,X 1. (Adapt- Width of the humerus equals inore than two-thirds of the
ol Srom epinn) length. On the whole, the shortening of the humerus in
Mizosaurus is fully as pronounced as in Ichthyosaurus or Baptanodon. In
some ecases it is almost as extreme as in some of the specialized ichthyosaurs of
the shastasaur gronp. In one specimen showing what is apparently the lower
side of the humerus a well developed peetoral ridge extends along about two-
thirds of the length of the bone.

In Mirosaurus hyperdaetyly seems not to have developed, and hyperphalangy
is not as far advanced as in Ichthyosaurus. The mmnber of the phalanges
is nevertheless far in advanee of the normal, at least ten separate elements
heing present in the median digits. More strikingly primitive than the other
charaecters of the digits is the tendency of partieularly the proximal thiee to




MERRTAM: TRIASSIC ICHTIIYOSAURIA. 101

six phalanges of cach digit to show an elongated form with a median constrie-
tion. In the distal phalanges, which are possibly added elements, the notches
are less distinet or absent.  As originally suggested by Lydekker for the notehes
on the margins of certain podial elements in the paddies of longipinnate
ichthyosaurs, these notches or constrictions evidently indicate an original
shafted form of the phalanges, which has been entirely lost in Baptanodon and
in most of the late ichthyosaurs. The constriction of the phalangeal elements
is in reality somewhat more strongly expressed on the specimens than it appears
in Repossi’s illustrations. . .

On one specimen where hoth fore and hind limbs are represented the hind
limb appears to Dhe less than two-thirds the size of the anterior-one, and the
hones of the pelvis appear eorrespondingly small. Both propodial and epipo-
dial elements are hiere more slender and generally more primitive than in the
anterior limb. (See fig. 97, p. 66.) The phalanges are also more slender and
seem not to have imereased in number to such an extent.

In the first row of the mesopodial section of the hind limb figured by
Repossi (1902, tav. 9, fig. 3), as in the anterior limb, four elements appear
instead of three. (See fig. 111, p. 70). The structure which appears in this
case is nnusual but is probably explained by another specimen (fig. 110, p. 70)
in the Milan museum, in which only three clements are present in the prox-
imal row. The lunate intermediate element in the second speeimen almost
closes the gap between the tibiale and fibulare, but in a second row of bones three
elements articulate with the distal border of the intermedium; of these the
anterior one has erowded up between the tibiale and intermedium so as almost
to come in eontact with the tibia. In the speeimen figured by Repossi this
element of the second row seems to have reached the tibia. This explanation
not ouly aecounts for the fourth element of the proximal row but may also
explain the presence next the posterior border of tarsale one, and apparently
funetioning as tarsale two, of an element showing a strong median constriction.
This constricted bone has the appearance of a metapodial or phalange, and if
the explanation given above is correet it is really a metapodial moved upward
into the position of tarsale two. This does not, however, explain the presence of
lateral notches in other evident mesopodials shown in figure 110.

Limb Arches.—All four elements of the pectoral arch are figured by
Repossi.  (See fig. 80, p. 59.) The coracoid and seapula are represented as
almost identical in form. So similar are they that unless corresponding
elements from the opposite side of the body are known, and show similar evi-
dence as to rvelative position, these two bones might be suspeeted of being
either two eoraecoids or two seapulae. Their form is not emtirely similar to
that of any elements in the pectoral arches of other ichthyosanrians.
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The clavicle is slender compared with the corresponding element of Cym-
bospondylus. The median end in contact with the interclavicle is considerahly
expanded, but the middle and lateral portions are very slender. The median
stem of the interelaviele is much more expanded laterally than in the other
known genera, and gives to the element as a whole a nearly triangular form. In
other iechthyosaurians the median arm is narrow and the element takes on the
T form. From beds referred to the lower Musehelkalk, Von Huene (1902, p.
11) has described a more robust and more nearly perfectly triangular inter-
elaviele. (See fig. 81, p. 60.) The form of this element suggests its possible
origin for the median plate in the stegoeephalian pectoral arch.

Without more definite evidenee as to their position it is not possible to make
certain of the identity of the two inferior elements of the pelvie girdle. (See
fig. 71, p. 56.) Neither element shows the obtnrator notch or foramen present
in all of the other Triassie genera. As shown in the figure the bone labeled
Pu? resembles the isehium of Delphinosaurus, hut is also like the pubis of
Torctocnemus minus the pubie foramen. The element Is? approaches the
form of the isehium in Toretocnemus and Shastasauwrus, and is also like the
pubis of Delphinosaurus or Shastasaurus minus the anterior hook. Both in-
ferior elements are muech expanded, as in the other characteristic Triassie
iechthyosaurian genera. The ilium is relatively short and is somewhat widened
distally as in most of the Triassic forms. On the whole the pelvis shows as
close a resemblance to that of Cymbospondylus as to that of any of the Triassie
genera.

Skull—The principal features of the cranium of Mirosuurus have been
represented by Repossi, but as yet the individual elements have not all been de-
seribed in detail. The skull is as a whole relatively large compared with the
trunk. If any estimate can be made from the nearly complete specimen fig-
ured by Repossi (1902, tav. 8, fig. 1), the length of the skull equaled about 65
per eent. of the length of the trunk. In Cymbospondylus the length equals
about 36 per eent.; in Jehthyosaurus'™ it may equal 80 per eent. The facial re-
gion is elongated and evidently slender, but is not developed proportionately
as in the later ichthyosaurs. The superior narial openings are situated much
as in Ichthyosaurus. The orbits are large, though possibly somewhat smaller
than in Ichthyosauwrus. The rostral region is formed largely of the premaxil-
laries, though the maxillaries are relatively larger than in most ichthyosaurs.
Repossi’s figures seem to indicate that the nasals are greatly expanded as in the
other genera. A eonsiderable number of sclerotie plates in the orbit show the
existence of a large orbital ring. The elements of the posterior portion of the
skull are not elearly shown.

The long and slender mandibular rami do not appear to differ materially
—mg?_r. See Fraas, E., 1891, Taf. 7.
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from the jaws of Ichthyosaurus. In the coronoid region no distinet process
is developed, but there is some indication of a flattened area on the superior
margin as in Cymbospondylus.

Dentition.—In -the characters of its dentition Mirosaurus seems to repre-
sent a peculiar ichthyosaurian type. As was shown in part by Baur, the den-
tition is characterized by the relatively small number of differentiated teeth
set in the narrow alveolar margins. In an upper jaw figured hy Repossi (see
figs. 13 and 14, p. 28) there must have been about twenty to twenty-three teeth
present. On a lower jaw there have heen forty or more. In Ichthyosaurns
Fraas places the number for long-jawed forms at about fifty teeth per jaw.
In all of the specimens shown, the teeth are set in open order, particularly in
the anterior portion of the jaws, where they may be separated by a space
equaling from two to five or six times the diameter, of the hasal portion of their
crowns, Many of the roots are in distinetly separated alveoli. The anterior
teeth of both jaws are long and slender. Toward the back of the jaws the
crowns become lower and their basal diameter inereases somewhat. The most
posterior crowns may have a basal diameter twice as large as that of the an-
terior teeth, and a erown only half as high. Repossi’s figures do not indieate
the presence of a large amount of cement on the roots, nor is there indication
of folding of the basal portion of the dentine as in M.(?) atavus. The enamel
of the erowns seems i1 some cases to be sharply striated.

Classification.—As yet only one species, M. cornalianus, has been deseribed
whieh can be referred with certainty to this genus. Most of the other forms
which have been referred to Mirosawrns might with equal right be placed in
some other genms. It is not improbable that some of the Italian specimens
now available will he found to vary specifically from the type of Bassani’s
corunalianns.

CyaBosPoNDYLUS Leidy.
Cymbospondylus Leidy, Proc. Philad. Acad. Nat. Se., vol. 20, p. 177, 1868.
Cymbospondylus (Merriam), Univ. Calif. Publ. Geol,, vol. 3, p. 104, 1902.
Cymbospondylus (Merriam), Univ. Calif. Publ, vol. 4, p. 33, 1905.

Presacral region of vertebral colunm ineluding about 65 vertebrae. Distal
end of caudal region slightly decurved. Neural arches turned forward in ve-
gion of enrvature. Vertebral centra of distal candal region much compressed
laterally. Caudal vertebrae with Y-shaped chevrons. Rib articulation single-
headed exeepting in the anterior region of the vertebral column.

Anterior arches and limbs but little larger than posterior. Interclaviele
wnknown. Humerus, radius, and ulna relatively long and narrow, ulna and
radius both with median constriction. Digits unknown. Inferior pelvie ele-
ments broad, plate-like. Femur somewhat more primitive than humerus.
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Skull with narrow rostimin consisting in a large part of premaxillaries.
faeial region relatively shorter than in Ichihyosunrus, and maxillary rela-
tively larger. Ourbits relatively small, postorbital bar broad, but without lateral
temporal opening. DBasioecipital with concave condyle. Dentition isodont.
Teeth numerous, set in pits in some cases at least.

Known only from the Middle Triassic of the West Humboldt and New Pass
ranges of Nevada. '

Three species of Cymbospondylus, C. petrinus, C. piscosus, and C. grandis
were deseribed by Leidy from fragmentary vertebrae.

C. petrinus is represented by forms attaining a length of thirty feet or
more. The anterior and posterior faeces of the vertehral centra are sharply
concave in the central region, but are mearly flat in the peripheral half of
the faece. The anteroposterior diameter of the dorsal centra is less than one-
half of their height. )

The single fragmentary specimen of C. piscosus represents a form smaller
than the average of C. petrinus. The vertebral centra arve relatively longer,
their anteroposterior diameter equaling more than half of the height. The
anterior and posterior faees of the centra are sharply and regularly concave
from the periphery to the eenter of the faece.

C. grandis was founded on a fragment of a eaudal vertebra from the West
Humboldt Range, and possibly represents a large individual of C. petrinus.

Fragmentary material recently obtained at New Pass, Nevada, is referred
to a new species, C. nevadanus. It is distinguished mainly by the short and
massive elements of the epipodial region of the hind limh.

CYMBOSPONDYLUS PETRINUS Leidy.

Cymbospondylus petrinus Leidy, Proc., Philad. Aead. Se., 1868, vol. 20, p. 178.
Chonespondylus grandis Leidy, Tbid.

Cymbospondylus petrinus (Merriam), Univ. Calif. Publ., vol. 3, p. 106.
Cymbospondylus? grandis (Merriam), Ibid.

This speeies is the best known of the American Triassic ichthyosaurs, being
represented by many individuals, which eolleetively exhibit the greater part
of the skeletal structure. It oeeurs in the exposures of Middle Triassic lime-
stones in the West Humboldt Range of Nevada. Closely allied to the typical
C. petrinus is a form, C. nevadanus, whieh has been obtained in Middle Tri-
assic limestones exposed at New Pass, twenty-eight miles west of Austin,
Nevada.

C. petrinus is vepresented by individnals averaging over twenty feet in
length. In one very large skull, no. 9954, which does not scemn to be specifi-
eally separable from this form, the dimensions of corresponding parts are
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about 50 per cent. larger than in speeimen 9950 of €. petrinus, in which the
length was over thirty feet. The anterior portion of the rostrum of speci-
men 9954 is absent, hut the remaining part of the skull is over five teet in length.

Skull.—The structure of the skull in this type is fortunately almost per-
fectly shown in specimens 9950 and 9913 from American Caifion (pls. 2-6).
Other skulls, some of which are nearly as complete, show similar structure.
In no. 9950 the skull is preserved intact, and has heen almost entirely freed
from the matrix with relatively little difficulty. Excepting a slight depression
of the frontal region practically no distortion has occurred.

Though it is relatively primitive in many respects, the skull in this form is
typically ichthyosaurian. Like the typical Jurassic genera, the facial region
is relatively long and slender, the premaxillaries and nasals are very largely
developed, the frontals are small or are largely covered by the nasals, the
superior nares occupy a nearly median position, and a heavy selerotie ring is
present. In eontrast to the later forms the maxillaries are relatively larger,
the snout shorter, the orbits smaller, and the lateral temporal region broader
anteroposteriorly. In these respects the skull is more primitive than any de-
seribed form from a later period.

Compared with the length of the trunk the skull is relatively short. As
nearly as can be estimated, the length equals a little more than one-third that
of the dorsal region. The skull of Mirosaurus seems to be relatively much
longer, equaling about two-thirds the length of the trunk, while in Ichthyo-
saurus the relative length may be as great as 80 per cent.

In this species the antorbital portion of the skull is elongated as a rostrum,
which narrows gradually along practically the whole distance out toward the an-
terior end, though the diminution in width is less noticeable immediately heyond
the anterior ends of the maxillaries. The rostral region represents about 60 per
cent. of the total length of the skull, but is relatively shorter than in any other
ichthyosaurian with which the writer has any acquaintance, exeepting Ichthyo-
saurus breviceps, from the Lower Lias, in which the length is 55 per cent. The
extent of the maxillary anterior to the orbit is relatively larger than in any other
ichthyosaurian. It amounts to 48 per cent. of the length of the antorbital region
in this form, while in 1. breviceps with a somewhat shorter rostrum, in which one
would expect to find the maxillary relatively long, it is less than 40 per cent.

The premazillaries extend more than half the total length of the skull. For
a little more than half of their length behind the anterior end of the rostrum
they meet dorsally. Behind this point they are separated by the nasals. In
specimen 9950 the posterior ends pass above the anterior ends of the superior
narial openings, but do not appear to extend any distance below them as seems
to be the case in most other ichthyosaurians. In another specimen (no. 9954)
the superior narial opening is cut into the posterior part of the premaxillary
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to some extent. In the rostral region the premaxillaries are sculptured so as
to produce a peculiar roughened surface.

The maxillaries are longer in specimen 9950 than in any other described
ichthyosaurian, both in relation to the length of the eraninm and to that of the
rostral region. Almost if not quite half of the dentigerous margin of the upper-
jaw is situated on these elements. A large lachrywmal is clearly defined on this
and other specimens. In specimen 9954 it reaches forward to the posterior
border of the superior nares.

The nasals ave large and extend hack over the frontals almost to the pineal
foramen.

In the frontal region of Cymbospondylus the nasals seem to cover as large a
portion of the frontal element as in Iehthyosaurus. This might be suspected to
be due in part to the displacement of the very thin pesterior edges of the nasals,
but the area exposed in preparation is probably nearly normal, sinee in several
specimens prepared the border has always exhibited the same characteristically
marked outline.

In contrast to the situation in Ichthyosarus the large pineal foramen is
smrrounded mainly by the parietal instead of wholly or in a large part by the
frontals. A prominent crest rises rapidly behind the anterior ends of the pa-
rietals reaching a very considerable elevation above the middle of the superior
temporal openings. The pineal foramen is situated in the anterior portion
of this erest, where it occupies sueh a position that it is directed partly upward
and partly forward.

One of the most striking features of the skull in specimen 9950 (see pls. 2
and 6) is the relatively small size of the orbit, as compared with that of the
later ichthyosaurs. The orbit as it appears in plate 2 is very slightly depressed,
but the amount of overlap of the broken upper end of the jugal amounts at
most to not more than twenty-five millimeters or a little more than one-sixth
of the height of the orbit. In another specimen (mo. 9913, see pl. 6) erushed
laterally so that the height of the orbit would tend to be inereased, the size
of the orbit is also relatively small. In specimen 9950 the anteroposterior
diameter of the orbit is abont one-sixth the length of the skull, in spite of the
fact that the rostral region is relatively short. In Baptanodon as figured by
Gilmore® (see also fig. 5) the length of the orbit is only a little less than one-
fourth that of the whole skull including the much elongated snont. The
relative size of the orbit is particularly noticeable in eomparison with the an-
teroposterior diameter of the lateral temporal region. The anteroposterior
diameter of the lateral temporal area equals about 83 per cent. of the fore and
aft diameter of the orbit in Cymbospondylus (no. 9950); in Baptanodon it
appears to be less than 25 per cent.

49 Gilmore, C. W., Mem. Carneg. Mus,, vol. 2, pl. 8.
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The jugdl is considerably expanded horizontally, and is comparatively thin
vertically, its transverse diameter equaling more than twice its vertical thick-
ness. Its vertical diameter below the middle of the orbit appears somewhat less
than in Baptanodon, and less than in most forms of Iehthyosaurus. The pos-
terior end reaches upward and hackward to meet the quadratojugal above the
inferior temporal notch.

The exposed portion of the postorbital appears to have an approximately
triangular form, though its npper posterior portion may extend hackward
henecath the supratemporal as in Shastaswurus, and its anterior limits above the
orbit are not clearly determined. No suture line between the prefrountal and
postfroutal can be distinguished on any specimen examined, nor is there a line
of demarcation observable between postfrontal and postorbital. The anterior
end of the prefrontal is overlapped hy the lachrymals and the nasals. The
posterior end of the postfrontal extends back over the squamosal almost to the
posterior end of the temporal region.

A well preserved sclerotic ring is shown in specimen 9913, and a complete,
unbroken, and apparently undistorted ring in no. 9954. In each specimen a
series of plates comprising one-half of the ring shows eight or nine plates,
making a total of sixteen to eighteen. Owen counted seventeen in [ehthyosau-
rus communis, and Fraas gives the number as varying from fifteen to twenty
in Iehthyosawrus. Gilmore finds but fourteen plates in Baptanodon, and An-
drews gives the same number for Opthalmosaurus. In speeimen 9913 the inner
or median portion of eaeh seclerotie plate bends sharply around the equator
of the eyeball and extends over the inner side of the eye showing a flattening
of the eyehall similar to that deseribed for Ichthyosaurus by Owen® and for
Baptanodon by Gilmore.” The sclerotic ring is smaller compared with the size
of the skull than in any of the later ichthyosaurs. In speeimen 9913 the great-
est diameter of the slightly distorted ring is a little more than 10 per cent. of
the total length of the skull. In no. 9954 the greatest diameter is less than 10
per cent. of the total length. In Ichthyosawrus platyodon and I. breviceps the
ring is relatively 40 or 50 per cent. longer.

The lateral temporal bar of Cymbospondylus petrinus is always charac-
terized by uncommon length anteroposteriorly. Its height is somewhat less
than in most ichthyosaurs. Relative to the length of the eranial region it is
much less elevated than in Baptanodon. Behind the jugal the inferior side of
the temporal bar is sharply cut out so as to form with the slightly concave coro-
noid region of the mandible an elliptical opening with its long diameter
extended anteroposteriorly. According to the suggestion of MecGregor®™ the

50 Owen, R., Liassic Reptilia, part 3, p. 103. London, 1881.
51 Gilmore, C, W., Am. J. Sec., vol. 23, p. 194, 1907.
52 MeGregor, J. 1., Mem. Am. Mus., vol. 9, p. 91.
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temporal bar originally enclosed a lateral temporal opening, which was closed
through gradual anteroposterior eompression of the bar, owing to the enlarge-
ment of the orbit. In this form the bar shows fully as much area on the side
of the skull as in many reptilian forms possessing a lateral temporal fenestra.
Though the temporal bar has probably been somewhat redueed by enlargement
of the orbit, it seems very doubtful whether it ever really enclosed a lower tem-
poral fenestra.

The squamosal bone is a triradiate element, as in other iehthyosaurs, one
branch extending forward and outward along the outer border of the superior
temporal opening, one forward and inward along the outer side of the poste-
rior arm of the parietal, and one reaching down to meet the pterygoid on the
anterior plate of the quadrate. In a lateral view of the skull the squamosal
represents only a small part of the exposed area of the temporal bar, as the
lateral anterior arms are largely eovered by long posterior proeesses of the
postfrontal, which reaeh almost to the upper posterior angles of the skull. The
large supratemporal is apparently triangular, the acute anterior angle extending
forward between the postorbital and postfrontal. The superior margin in con-
tact with the squamosal and postfrontal forms a nearly straight line. The in-
ferior border is in broad contaet with the quadratojugal as in Iehthyosawrus.
In Baptanodon this eontaet is very narrow, and the temporal bar is exeeedingly
narrow at this point. The quadratojugal extends downward almost to the
artienlar surface of the quadrate and is eovered above by the supratemporal.
Inferiorly it reaches forward over the inferior temporal notch to meet the
jugal. The lower side is eonsiderably thickened a short distance above.the
border.

The oeeipital region of this speeies (pl. 5, fig. 1) is less satisfactorily known
than the other parts of the skull, as the diffieulties of preparation have been
relatively great. In specimen 9950 most of the elements of the oecipital region
seem to be in nearly their original position, but the exact form of some of the
hones eannot be definitely determined. In specimen 9913 the skull has been .
hroken through obliquely in the oecipital region, and the structure of some of
the elements i1s more elearly shown.

The basioccipital has a pecnliar and characteristie form in that its artie-
ular face for contaet with the atlas is deeply eoncave instead of convex as in
Ichthyosawrus. In articulation the broad coneave face of the basioccipital re-
ceived the strongly convex anterior face of the atlas. In specimen 9950 the
deep concavity on the posterior face of the basioccipital extends out to the
lateral margins. Inferiorly the posterior end of the basioceipital is rounded,
and is truncate downward and forward as if for the accommodation of a hypo-
centrum. On speeimen 9913 the coneave face extends- almost to the lateral
margins, and the inferior side of the concavity is bounded by a prominent
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lunate 1idge, which tends to have somewhat the form of the spout-like odon-
toid process of the Ungulata. Below the prominent inferior ridge the inferior
side 1s not truncated as in specimen 9950, hut a sharply concave area extends
around the lower side of the bone between the lunate ridge and the onter mar-
gin of the posterior side. The form of the posterior face of the basioccipital
i specimen 9913 snggests that the coneave face has heen secondarily developed
on a strongly convex face.

On the inferior side of the basioccipital there arve sitnated two prominent
apophyses similar to those on the inferior face of the basioceipital of Sphenodon.

The small and somewhat distorted lateral occipitals arve seen in place in
specimen 9950. They appear to be perforated or notched for the passage of
nerves or blood vessels, as in many other ichthyvosaurians. In specimen 9913
an element possibly representing a lateral oceipital rests upon the anterior
side of the basioccipital. It has been split longitudinally and shows the pass-
age of a large foramen. The complete outlines of the supraoceipital are not
shown, but its upper portion is seen to extend forward a considerable distanee
to form part of the floor of a deep fossa between the posterior arms of the
parietals. .

The opisthotic and stapes are not eertainly recognized on any of the several
specimens that have been carefully examined, but there seems to he some
reason for considering that the stapes at least was a less eonspicuous element
than in the later ichthyvosaurs. The opisthotie may be represented by a some-
what indefinite element seen in specimen 9950. In the same specimen a slender
rod of bone (i, pl. 5, fig. 1) extending from the otic region to the quadrate
may represent the stapes. A careful examination of the well preserved quad-
rate has not shown the presence of a distinet pit for the acecommodation of the
distal end of a large stapes sueh as is present in some of the later ichthyosaurs.

The heavy quadrate of Cymbospondylus petrinus is elosely and broadly
united with the ptervgoid, the squamosal, and the gqnadratojugal, so that the
posterior angle of the skull mmst have been particularly rigid. The contaet
with the pterygoid extends inferiorly to the articular head of the quadrate and
reaches up to the middle height of the quadrate, where the pteryvgoid meets the
squamosal. The median side of the quadrate which is in contaet with the ptery-
goid extends forward as a broad plate much as in Sphenodon. On the outer
side, the large quadrate foramen is overlapped externally in part by the supra-
temporal. The broad articular head of the quadrate is erossed transversely
by a marked groove situated between an anterior and a posterior eonvex
smrface,

The general disposition of the typical palatine elements on the inferior
side of the skull (pl. 4) is not materially different from that in Ichthyosawrus.
In all cases the palate is largely roofed over, the median margins of the ptery-
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goids approaching each other quite closely back to a point about opposite the
middle of the orbits. The relation of the ptervgoids to the palatines is similar
to that in Iehthyosaurus. The posterior ends of the ptervgoids are extended
backward as prominent projections reaching a considerable distance hehind
the basioecipital. Between these processes and the wings of the pterygoids in
contact with the quadrates there is a strongly marked groove on each side.

On hoth sides of the palate of specimen 9950 the posterior portion of what
nmiight he considered as the onter wing of the pteryvgoid is separated from the
main hody of the ptervgoid by a distinet break having the same position in the
two cases. 1f the separation indicated here is a natural parting of the bone, the
posterior clement evidently corresponds to the ectoptervgoid.

The relations of the prevomers have not heen clearly determined, but ap-
pear to be similar to those found in Iehthyosaurus. The hyoid elements are
long, slender, slightly curved rods similar to the hyoids of Ichthyosuurus and
Baptanodon.

In specimen 9913 an elongated element situated above the pteryvgoid may
represent the epipterygoid.

The lower jaw is slender and elongated much as in the typieal ichthyosaurs.
The rami are united in the symphysis for about one-fourth the length of the
jaw, and the anterior ends of the splenials are included in the symphysis. The
much elongated dentary extends backward to a point almost even with the
posterior border of the orbit. The narrowed anterior ends of the angular and
suwrangular extend forward almost as far as the anterior end of the maxillary.
In specimen 9950 the ounter side of the splenial is exposed for a short distance
below the middle of the dentigerous portion of the jaw.

On the outer side of the posterior portion of the mandible the angunlar and
surangular occupy about the same relative areas as in Iehthyosaurus. No eoro-
noid elevation is present, but the coronoid region of the surangular is broad-
ened and flattened above offering a considerable area for muscle attachment.
In specimen 9950 there is on the inner side of the posterior end of the jaw
either a coronoid reaching far back, or an element which has been known as
the prearticular. In this form the splenial extends back to a point below the
coronoid region, where it overlaps the inner plate of the angular. The splenial
and the inner plate of the angular both overlap an element (see CUn., fig. 9, p.
27) which extends from the coronoid region almost to the posterior end of
the jaw. Tt extends over the median side of the articular, and is distinetly
separated from that hone. The relations of a similar element the writer has

N y,
5155+ 10 the British Museum of
Natural History. Im this specimen the splenial extends back almost to the
cotylus of the mandible, and partly covers the inner, upward-curving portion

of the angular. Lying between the splenial and the surangular there is in

seen most clearly in an ichthyosaurian, no.
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the coronoid region a plate-like element occupying the position of the coronoid.
This element extends backward from its normal position, passing between the
inner plate of the angular and the inner side of the articular, and falling hut
a little short of reaching the extreme posterior end of the jaw. In a specimen
of Baptanodon (no. 878) at the Carnegie Museun in Pittshurg the same rela-
tions of these elements have been noted, and the coronoid extends guite to the
posterior end of the jaw.”

The articular of Cymbospondylus petrinus rises abrmptly hehind the cotyvlns
where the thickened anterior end forms a heavy posterior buttress against
which the quadrate articulates posteriorly. It extends backward to the poste-
rior end of the jaw, where it is again considerably thickened. Omn all of the
specimens that have been examined, the posterior portion is deeply excavated
superiorly between the anterior and posterior thickened regions.

Dentition—In general, the characters of the dentition of Cymbospondylus
exeepting the insertion are essentially similar to those of Iehthyosauwrus. Both
upper and lower jaws are set with conical teeth numbering from thirty to
thirty-five for each ramus of the jaw. In some cases at least (figs. 10 to 12),
the teeth are sitnated in completely enclosed bone pits. Though the ante-
rior teeth seem to have somewhat more slender c¢rowns than the most posterior
ones there appears to be no elose approach to the degree of differentiation seen
in Mirosaurus. The amount of cement on the roots of the teeth seems to be
small. The dentine is strongly folded toward the base. The enamel of the
crown is finely but sharplv striated.

MEASUREMENTS OF SKULL OF C. petrinus, No 9950.

Greatest length of skull on horizontal plane ... 1166 mm.
Length, anterior end of premaxillary to posterior border of pineal
ESRENTTA R NN b Ve o 0ol LA SR N R S, 814
Length, anterior end of premaxillary to antmmr border of ]oft m]nt o
Length, anterior end of premaxillary to anterior end of maxillary ... 373
Greatest height of skull .. 365
Premaxillary, antoropostenm‘ d].nnptor et LR N NG5
Anterior end of nasals to anterior border of pnwal foramou .................... 380
Supratemporal fenestra, anteroposterior diameter ... 190
Lateral temporal bar, anteroposterior diameter ... . S T g - § 160
Orbit, anteroposterior diameter ... IR S~ = et 2 )
Orbit, height . S ot - 7). 115
Length of nnht ramus of mandlble .............. IO L, 5 5 Sy > e g =% ) ) 210)
Mandible, height below middle of orbit ... 114

Vertebral Coliwmn.—The most nearly complete specimen which has been ex-
amined (no. 9950) shows a practically complete vertebral series back to the

33 Gilmore, C. W., Mem. Carneg. Mus., vol. 2, pp. 97 and 98, and pl. 11, fig. 2.
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Outline of skeleton from specimen 9950, with eaudal region and posterior limb added from speei-

141 @, last caudal vertebra represented from the series of no. 9950; b, first vertebra represented from the series of no. 9947.

The first vertebra represented in the series of no. 9947 seems to correspond in form and position of the diapophyses to a point somewhat

farther back in the series than that represented by vertebra a of no. 9950.

Cymbospondylus petrinus Leidy.

men, 9947,

Fig. 128,

middle eaudal region (fig. 128). Excepting the dis-
location of some of the anterior vertebrae, and a
small gap above the pelvis, the series is unbroken.
Out of the total number of 84 vertebrae present, 67
are evidently presacrals. The location of the sacral
region is pretty definitely fixed, both by the position
of the pelvis and by the reduction in length of the
ribs. The elements of the pelvis are still in their
natural positions with reference to each other, and
the ilium on one side appears to have almost its nor-
mal relation to the vertebral colummn. Considering
that these elements, as also the vertebral centra and
arches, and the ribs, show little evidence of disturb-
anee, it is fair to assume that the vertebra above the
ilinm was either next the point of attachment of the
pubis or elose to it. The ribs in this region are still
of considerable length, and if the point of attach-
ment is not located at this place it is probably some-
what farther back. '

The number of presacral vertebrae present here
exceeds considerably that of any other ichthyosau-
rian of which the writer has any information. In
the typieal Ichthyosaurus the number is ordinarily
near 45. The extraordinarily large number of 54
presacrals is indicated recently by Broili* in /. pla-
tydactylus. In Mixosauwrus the number seems to have
heen between 45 and 50. The number in C. petrinus
is also larger than that in any other marine saurians
excepting very long-necked forms, and suggests the
possibility that the nmunber of presacrals may have
been reduced rather than inereased in the later Ich-
thyosauria. A general reduetion of the number in
later forms might be correlated with the development
of a highly specialized caudal fin, causing localiza-
tion of the locomotor funetion in the distal eaudal
region, instead of distributing it through nearly the
whole length of the tail.

In specimen 9950 there are eleven vertebrae in
front of the anterior border of the coracoid and
scapula.  Although no definite determination of the

64 Broili, F., Palaeontog., Bd. 54, Taf. 13,
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posterior limit of the cervical region can he made, eleven vertebrae is a rela-
tively large number for this portion of the colunm.

The atlas and axis are clearly shown in position in several speeimens. (See
pl. 8, also text-fignre 58.) The centrmm of the atlas is as wide, and in some
cases almost as high, as that of the axis. Its anteroposterior diameter is con-
siderably less than that of the axis. The anterior face is strongly convex, the
convexity redueing the lateral and inferior horders to one-half or one-third the
anteroposterior diameter of the centrum. The anterior face shows no depres-
sion into whieh the hasioecipital might be received. The anterior face of the
atlas is reeeived in a deeply exeavated artienlar face on the bhasioceipital. The
posterior face of the atlantar centrum and the anterior face of the axis are
both eoncave, and there is no suggestion of fusion of the two eentra such as
occurs in the later ichthyosaurs. The elements of the upper arch of the atlas
as far as known are not materially different froin those on the atlas of Ichthy-
0SQUIUS.

The adjacent inferior borders of the atlas and axis may be obliquely trun-
cated toward the plane of contact, for the intercalation of an intercentrum.
There seems also to have been a small intercentrum between the third eentrum
and the axis, but none was present behind the third.

On the axis of no. 9950 there is a short diapophysis but no distinet parapo-
physis. In no. 9943 (fig. 58, p. 48) both diapophysis and parapophysis are pres-
ent. On centra three and four of no. 9154 parapophyvses of considerable size are
present and small, nearly round articular facets are developed for the lower
rib heads. On centrum six the parapophysis is very rudimentary, and on what
appears to be the seventh it is absent. 1In no. 9950 the diapophysis on the
fourth ecentrum is 43 mm. high, the parapophysis 17 mm. On the eighth cen-
trum the corresponding dimensions are 45 mm. and 8 mm., and the parapo-
physis is generally much reduced. On the eleventh centrum there may bhe a
minute rudiment of a parapophysis on the anterior margin. In specimen 9943
relatively large parapophyses are present back to the twelfth centrum (fig. 58,
p. 48). On the thirteenth there is a trace of a parapophysis on one side only.
In this specimen the parapophyses increase somewhat in size toward the dor-
sal region, and are larger both absolutely and relatively on the twelfth com-
pared with the size of the diapophyses than they ave on the fifth and sixth eentra.
The form and dimensions of the diapophyses remain about the same, back to
the twelfth centrum. On the thirteenth they increase markedly in height, but
the inerease is not sufficient to make the height of the diapophysis on the thir-
teeuth eentrum equal the complete height of the diapophysis and parapophy-
sis on the eentra immediately preceding. The anterior cervical rib heads are
divided proximally by a deep noteh forming two distinet heads.

In those cervieals in which the ends of the centra are visible the degree of
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coneavity is less than in the typical Ichthyosawrus. The excavation is compara-
tively slight until abont half the distance to the center is reached where it runs
in quite sharply.

The vertical transverse cross-seetion of the cervical eentra is mueh as in other
ichthyosaurians, the transverse diameter being relatively large. In specimen
9943 the inferior side of the cervicals is distinetly earinate back to about the
tenth vertebra.

In the dorsal region of specimen 9154, as also in 9950 (pl. 8), and others,
the diapophyses are seen to clongate gradunally as the centra come to be farther
removed from the skull. TIn the middle dorsal region the lower portion of the
diapophysis bends forward rather sharply from the mearly vertical upper

129 130

131

Figs. 129-131. Cymbospondylus petrinus Leidy. Vertebrae from the middle and posterior dorsal
regions, X 5.
Fig. 129, middle dorsal vertebra; fig. 130, posterior dorsal vertebra; fig. 131, posterior dorsal
vertebra.

portion. In the typical vertebrae of Cymbospondylus petrinus, the diapo-
physes differ from the ordinary form seen in Shastasaurus in that the antero-
inferior horder always seems to reach the anterior horder of the centruin qi](l
be eut off by it (figs. 129 and 130) ; indicating that the lower portion of the rib
head has come very near to intervertebral articulation, though there is no facet
developed on the posterior border of the centrum in front.

At abonut the 36th to 38th ecentrum in no. 9950 the diapophyses move down
the side of the centrnm, and the articular faces are no longer confluent with
the facets for the nenral arches. The form of the centrum also changes from
nearly eireular in the anterior dorsal region to a high, narrow, triangunlar form
in the posterior dorsal and anterior caudal region (pl. 9, and text-fig. 131). In



MERRIAM: TRIASSIC ICHTHYOSAURIA.

this portion of the colwmn the bicon-
cavity of the centra is reduced to a very
small area in the middle of cach artie-
ular face, outside of which the surface is
nearly plane.

In the middle caudal region the dia-
pophyses are short and round, and have
risen almost to the middle of the sides
of the centra. The vertieal transverse
cross-section of the centra has also
changed to a narrow hexagonal form.

The upper arches of the cervicals
possess strong zygapophyses (pl. 8), on
which the lateral faces are well sepa-
rated and do not fall into the same plane,
as occurs in Ichthyosawrus. In the
dorsal region the zygapophyses are still
well developed and the facets separate.
In the caudal region the zygapophysial
facets are much reduced, although the
anterior and posterior projections of
the upper arches are retained on most
of the vertebrae.

The nenral spines of the cervieals
are somewhat compressed laterally, but
are generally thicker than in Ichthyo-
saurus. In the dorsal region the spines
are still considerably thickened. In no
case, however, does the thickeniug of the
spines approach that of Shastasaurus
altispinus.  Tn the caudal region of
specimen 9950 the neural arches are con-
siderably lower and thinner than in the
dorsal region.

The form, and niost of the import-
ant characters, of the caudal region are
well shown in a large specimen of C.
petrinus (no. 9947), in which there is
present an excellent series of 59 verte-
brae, aggregating twelve and one-half
feet in length (fig. 132). The series be-
gins near the pelvie region and extends

8T S

‘Lprory snurged snifpuodsoquefipy

P X ‘squuy pu seyoar touagsod oy Fo sjustuse 1A SOLI9S [epu))

115



116 MEMOIRS OF THE UNIVERSITY OF CALIFORNIA.

back to within a few feet of the end of the tail. Immediately in front of this
series of eentra are broad-headed ribs with a length of 300 mm. or more, while
the ribs with the centra opposite the pelvis are suddenly shortened to 120 mm.
in length, and the rib heads are narrowed to a broad elliptical eross-section.
The vertebrac immediately hehind the pelvis of this speeimen correspond in
form, and partienlarly in form and size of the diapophyses and in their posi-
tion on the side of the centrum, to a point in the colunm not farther forward
than the seventy-first vertebra behind the head, or the sixth behind the pelvis,
of the practically continuous series of specimen 9950. (See fig. 128).

In the vertebrae immediately behind the pelvis the width of the centra
transversely is somewhat less than the height, and the diapophyses are situ-
ated about one-third of the distanee up the sides of the eentra. The height
of the neural arches is less than that of the centra, and the thin, broad spines
are bent backward.

In passing backward through the candal region from the pelvis to the thir-
tieth vertebra back of the femur, as here situated, the centra deerease very
little in height but beecome mueh narrower transversely, and in the region of
the thirticth vertebra beeome relatively short infeviorly; the diapophyses rise
to the middle of the eentra, become reduneed to small round knobs and disap-
pear; the neural spines beeome shorter, are slightly wider distally, and begin
to stand ereet. The change from the reenrved to erect position of the arches
takes place at the thirtieth vertebra. The upper arch of the twenty-eighth
vertebra turns backward as do those of all anterior to it, on the thirtieth the
arch is ereet and on the thirty-first it bends forward. Behind this point to the
fifty-third vertebra the short upper arches all turn forward. The arches of
the fifty-third and fifty-fourth, the last ones present in this specimen, are ereet
but not eurved forward. In the region immediately behind the point where
the npper arches begin to turn forward, the centra are slightly wedge-shaped,
being shorter anteroposteriorly at the lower side. Thongh the diapophyses of
the thirtieth vertebra are rather prominent no lateral apophyses are present
behind this point. A short distance back of the hend the middle of the lateral
face of each centrum hears two parallel anteroposterior ridges ahout twenty
millimeters apart and separated by a shallow depression. ;

The changes in form of the eandal vertebrae which have been mentioned
seem, as far as can be judged, to be connected with fairly definite changes in
the eurvature of the eandal region as shown in this speeimen. As the series
of vertebrae lies in the matrix the tail is bent slightly upward as far back as
the thirtieth vertebra but from that point backward it is curved downward.
At the point where the downward curvature begins the upper arches suddenly
stand erect and then turn sharply forward, the diapophyses disappear, and the
anteroposterior diameter of the inferior side of the centra bhecontes relatively
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short. The upward curvature of the tail as it lies in this specimen may he
unnatural, and due simply to movement of the body after death. The down-
ward curve of the distal region, being initiated as it is with noticeable modifi-
cation in the form of the vertebrae, is evidently natural. Possibly the upward
curve anterior to this is also natural, the distinet change in the vertebrae oceur-
ring at the erest of a long, upward curve as in Mixrosaurus; or the distal region
may have bent down from a nearly horizontal anterior region.

Faecets for lower arches are present on the caudal eentra in no. 9947, and
the inferior side of the centrum is in all cases sharply angular, but chevrons
have been seen only in the region hack of the downward bend of the tail,
where they are very small, though the facets for their reception seem to be
larger than in the anterior portion of the tail.

The nature of the curvature in the caudal region of this specimen is in some
respects not unlike that of Ichthyosaurus, as the upper arches are in relation
to the centra but little larger than in that genus. The eentra themselves are,
however, mueh larger in the region of the bend, and beyond, than in any of the
later ichthyosaurs, and the high thin centra doubtless served to broaden the
fin somewhat as the high arches have done in Mirosaurus. The fact that the
centra were higher suggests that less curvature of the distal caudal region was
needed in order to widen the fin than was required in Ichthyosaurus, and that
the bend was a gentle upward curve followed by a somewhat sharper down-
ward flexure, as in Mirosaurus.

Following are the measurements of the series of eaundal vertebrae in spee-
imen 9947.

Approximate
position of
vertebrae, 3 TR
measured ~ . Anteroposterior ransverse eight an I ona bt
back from (}z;%’:f;f;q:j iI:I:fllfn?f diameter of diameter of eurvnture: of o P\gn'on.
femur as =% ¥ centrum, centrum. neural spine.
situated in
the matrix.
1 present  137mm. 51 112¢a
12 present 128 49 115a baek slightly, 86
27 present 114 48 80 baek slightly, 61
50 superior
ese 110 { . ' } erect, 57
o ppnit 44 inferior 1
48 superior . o
37 absent 114 { > o : } 74.5 forward, 50 40a
45 inferior
41 absent 119 46 68 forward, 55 43a
48 absent 106 4t 5Ta forward, 43 40
53 absent 98 43 50a vertieal, 39 35

a, approximate.
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Ribs.—Excepting on the anterior six to twelve vertebrae, the ribs of C. pe-
trinus are all single headed (pl. 10). The short double-headed ribs have clearly
notched heads, and articulate on distinetly separated diapophyses and parapo-
physes. As in Shastasaurus, in passing back through the vertebral series, the
lateral apophyses of the vertebral centra remain widely separated to the point
of disappearance of the parapophysis. If, as has been suggested by Yakowlew,
the bicipital articulation was heing developed in these forms through division
of the rib head and of the vertebral apophysis with which it was in articulation,
one would expect in passing forward to the region where separate apophyses
actually exist to find the parapophyses gradually separating from the diapo-
physes. The fact that this is not the case may justly be nrged against the view
that the primitive ichthyosaurian possessed single-headed ribs. If a double
articulation has been introduced in the American forms it must have appeared
through the development of a parapophysis situated a considerable distance
away from the diapophysis. If the double articulation extended from the
cervical region out to the dorsals, the progress was most probably through the
formation along the line of advance of rudimentary apophyses with no fune-
tion of articnlation. As yet no reason has been given why independent pro-
cesses should grow out from the region of the paropophysis and the lower head
to meet and form an inferior articulation. In addition to the arguments that
have been presented, it is to be remembered that some of the oldest known
ichthyosaurian forms, viz.,, members of the M.(?) atavus group, have distinet
double articulations in the posterior dorsal region.

The 1ibs of the dorsal region of Cymbospondylus petrinus are rather heavy,
but have in general the form seen in Ichthyosaurus. The heads are thick in-
feriorly, and the superior portion of the articular face ecurves away from the
upper part of the diapophysis, evidently leaving a gap filled by cartilage as
in Shastasaurus. 'The posterior dorsal ribs have remarkably wide heads, but
nowhere has there been observed a tendency for the artieulating surface to
divide into two faces, as has been suggested in the case of Mirosaurus.

In specimen 9950 short caudal ribs are present with the anterior caudal ver-
tebrae. As shown in plate 10, figure 7, they have nearly round articular heads,
but are considerably broadened distally.

Abdominal ribs are found in considerable numbers with most of the larger
specimens, but are usually too mmeh scattered about to show definitely their
relations to each other. With specimen 9154 there is preserved a consider-
able section of the abdominal plastron in which the elements have suffered no
disturbanee (pl. 10, fig. 8). As nearly as can be determined there are usually
two transverse series of abdominal ribs for every pair of true ribs. Each
transverse series consists of a V-shaped nmiedian piece and two lateral pieces.
The median elements are heavy, and are only slightly flattened anteropost-
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eriorly. They are not divided along the median line, as in some ichthyosaurs.
The anterior end or the point of the V of each inedian piece extends forward on
the median line as an overlapping knob-like process. Between the lateral ends
of the median pieces are inserted the ends of the heavy discerete lateral picees.

The plastron presents as a whole an appearance of somewhat greater
strength and robustness than that of the later ichthyosaurs.

Pectoral Arch.—The entire pectoral arch is well known exeepting the inter-
claviele, which has never heen recognized (pl. 11).

The scapula is not like that of any other ichthyosaur. The body of this
element is strongly recurved so that the much expanded distal end is turned
almost at a right angle to the proximal portion. The anterior part is also
much broadened just in front of the proximal end. The form of this element
is quite unlike that in any other Triassic genus. It approaches most closely
the general form in Ichthyosaurus, particularly in the character of the ante-
rior expansion, which occupies the position of the anterior hook in Shasta-
sanrus. 1t differs from the type seen in Ichthyosaurus in its much greater
proximal and distal expansion.

The form of the sickle-shaped coracoid does not
correspond to that in any other ichthyosaurian genus.
The nearest approach is found in Delphinosaurus of
the Californian Upper Trias. In Delphinosawrus
the position seems to be reversed anteroposteriorly,
and the large perforation just anterior to the proxi-
mal artieulation is absent. Perforations and emargi-
nations in this region of the coracoid are ordinarily
not remarkably persistent features. This character
has however been reeognized in all specimens of C.
petrinus thus far examined, and together with other
differences would seem to distinguish this form suf- Fig. 133.  Cymbospondylus petri-
i . nus Leidy. Coracoid showing
h('lCl]ﬂy. anterior perforation, % 4.

The clavicle is uncommonly large and heavy. The
middle portion is considerably expanded, but the ends are narrow.. The median
end scems to show a face of articulation for an interclavicle, but that element

is unknown.
Pectoral Limb.—As vet we know certainly only the first three segments of

the peetoral limb in C. petrinus, no specimen having been found in which the
phalanges are in place or even certainly recognizable. Owing to early decom-
position of the thinner portions of the paddles they have probably been scat-
tored hefore the slow accumulation of caleareous mud could cover them. In all
of the Cymbospondylus specimens that have been examined the limb elements
are almost exaetly similar to the limb of specimen 9154 previously deseribed

(Merriam, 1905, 2).
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The humerns is in all cases a relatively slender element; though not greatly
elongated, it is not greatly expanded distally. The radius is extraordinarily
long and slender for an ichthyvosaurian, and the median constriction is pro-
nounced. Between the epipodial elements is a gap as wide as that in the limh
of any tvpieal shore reptile. The ulna is also relatively long and shows a me-
dian constriction. The posterior portion of this element begins, however, to
show the expansion so frequently occurring in aquatie types, and the posterior
noteh has been almost closed.

In speeimen 9950 (pl. 11), as in several others, a transverse row of three
small discoidal elements is seen next the distal end of the epipodial segment.
These bones are almost cirenlar in form, and they do not oceupy the entire
transverse space opposite the epipodials, so that they were evidently implanted
in a heavy cartilaginous plate. In specimen 9148 a similar row of bones is
seen. From their oecurrence in this position there can be little doubt that these
elements are carpals.

Pelvie Arch.—The elements of the pelvie arch (pl. 12, figs. 1-4) have been
found in nearly their natural position in several speeimens. The broad plate-
like ventral elements were evidently united along the median line somewhat as
in Toretoenemus (fig. 69, p. 55).

The tsehium has much the same form as in
Delphinosaurus perrvini but may in some cases
(pl. 12) show a shallow antero-internal notch
giving it a form approaching that of the pubis
of Delphinosaurus. Excepting the noteh just
mentioned the form is also not unlike that of the
ischinm in Mirosaurus.

The pubis resembles this element in Toretoc-
nemus in that the proximal end is perforated by
a large obturator foramen. In the only speci-
mens which are perfeetly preserved this opening
Fig. 134. Cymbospondylus petrinus Leidy.  js completely closed by bone. The transition

& i, Bl T from this form to that seen in Shastasaurus
would be made easily by breaking down the bar of bone between the obtnrator
foramen and the margin.

The ilium has a considerably expanded proximal head with an elongated
and transversely expanded superior blade. The form resembles that of Del-
phinosawrus, though distingnished from it by the wider expansion of the blade
and the absenee of a posterior tubercle. Judging from its position in specimen
9950, the superior blade of the ilinm was direeted upward and forward to its
saeral attachment.

Pelvie Limb.—The posterior limb is represented by the femur in the most
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nearly complete specimen, no. 9950. In specimen 9947 (pl. 12) a pelvie limb is
present in which the femur has the same form and almost the same dimensions
as in no. 9950.

The hind limb of no. 9947 shows the propodial and epipodial elements in
their natural positions in the matrix, and with them are two small elements
from the distal half of the paddle.

The femur s more slender than that of Delphinosaurus, Toretocuemus, or
Shastasaurus.  'The nearest approximation to this type is fonnd in Mirosawrus
but even lhere tho distal expansion is relatively greater.

On the upper side of the femur the plane of the flattened distal end is
continued over the proximal end with but little elevation. On the lower side
of the proximal end a heavy trochanteric ridge is developed.

The distal end of the fenm shows a broad terminal facet extending across
nearly its whol(* width, and sitnated normal to the long axis of the bone. On
this large facet. 'the tibia articulates , standing in such a position that its long
axis falls into a line ahmost ¢ ()mmdmg with the long axis of the femur. Behind
the broad terminal face of the femur there is a smaller facet standing almost
normal to the plane of the terminal faeet.

The tibia is longer than its greatest transverse diameter, and its proximal
diameter is considerably greater than the distal. The median region is strongly
constrieted. 'The anterior side of the distal end is not expanded laterally be-
vond the, limits of the median or shaft portion of the bone, but ends abruptly
in a flat, ronghened or pitted facet. Whether a small element has artienlated
on this face is as yet not eertainly known.

The fibula articulates on the small posterior face of the femur, the sitnation
of the bone being such that it is artieulating largely against the posterior side
of the femur with its narrower end. The median portion of the fibula is con-
strieted. The distal end of the bone is greatly broadened compared with the
transverse extent of the proximal and median portions, and shows a strongly
curved terminal margin.

Of the other two elements present with the limb in specimen 9947, one is a
small discoidal bone sitnated between the distal ends of the tibia and fibula, and
presumably representing a mesopodial. The other bone is larger and is situated
near the distal end of the fibula, but its form is too indefinite for determination.

The size and relative length of the epipodial elements of the posterior limb
of specimen 9947 arc much the same as in the elements of the corresponding re-
gion of the anterior limb of specimen 9950. Both epipodials show, however, a
somewhat stronger median constrietion than is seen in the anterior epipodials.

The most peculiar feature of the posterior limb is the situation of the tibia
almost opposite the middle of the distal end of the femur, with the fibula
loeated far back, and practically articulating on the posterior side of the femur.

b4
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Compared with the posterior imb of Mirosaurus, the available speeimens
representing the limb of Cymbospondylus may be considered, so far as known,
to represent nearly the same stage of evolution as the hind limb of Mirosaurus.

MEASUREMENTS OF LIMB AND ARCIH BLEMENTS, SPECIMEN 9950.

Hnmerns.

Greatest length o 325 mm.

Greatest transverse diameter of distal end 200

Least transverse diameter of median region of shatt ... .. 133
Radins.

Greatest length 200

Greatest transverse diameter of proximal end o143

£ Greatest transverse diameter of distal end .. ... ... 160

Least transverse diameter of median region of shaft ... 83
Ulna.

Greatest length 185

Greatest transverse diameter of proximal end 121

Least transverse diameter of median region of shaft ... 95
Coracoid.

Greatest anteroposterior diameter . L o B

Greatest transverse diameter ... . 246
Seapnla. r

Greatest anteroposterior diameter ... L i

Greatest width of distal end of posterior blade 195
Tlimm.

Greatest 1eng@th .o, RN e o 205
Isehium.

200
175

Greatest anteroposterior diameter ...
Greatest transSverse diAMERR ...ttt N

Pubis.
ireatest transverse diameter, approximately ... 126
MEASUREMENTS OF POSTERIOR ARCII AND LIMB ELEMENTS OF SPECIMEN 9947, “~
Femnur.
Ireatest length ..o oS . , ; e 2550 .
Transverse diameter of proximal end, parallel with flattened distal
surface L2 . : T e o SRl
Transverse diameter of distal end, parallel with flattened surface..... 170
Transverse diameter at narrowest portion of median region, parallel
with flattened distal surfaee LI 168

Transverse diameter of tibial facet 152
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The characters of C. piscosus differ from those of C. petrinus and C. nevad-
anus sufficiently to warrant specific separation. As far as this form is known,
there seems to be no reason for making
a generic separation between it and the
better known C. petrinus.

The vertebrae which are present in
the type specimen (fig. 137) represent
an individual smaller than the aver-
age of (. petrinus or of C. nevadunus.
They belong in the anterior or middle
dorsal region, as the parapophyses
have disappeared and the diapo-
physes are elongated inferiorly. The
upper arches are thicker than in /ch-

Fig. 137. Cymbospondylus piscosus Leidy. Lateral fh,leS(llU'llS, and the ZVg‘ﬂpOphVSCS are
view of type speeimen, X 5. ¥ <
large.

CYMBOSPONDYLUS NEVADANUS, n. sp.

Represented only by individuals of larger size than the average of known
specimens of C. petrinus. Epipodials (?) of posterior limb mueh shorter and
more massive than in C. petrinus. Tibia (?) very short and thick; distal end
not narrower than proximal end, and without the flat anterior face present in
C. petrinus. Middle ecaudal vertebrae high and narrow.

Type speciimen, no. 10620, Univ. Calif. Col. Vert. Palae. (pl. 13), from New -
Pass, thirty miles west of Austin, Nevada.

In the summer of 1906 an expedition to New Pass, Nevada, visited the out-
crops of Triassic limestone in that region, and made careful search for saurian
remains in the hope of finding satisfactory material corresponding to Leidy’s
C'ymbospondylus piscosus. Small limestone outerops were found near the pass,
and about three miles west of the New Pass mines. They are so distinetly
set off from the areas of other rocks that there can be little doubt that the
locality visited is the one from which Leidy’s specimen of Cymbospondylis
piscosus was obtained. Several isolated fragments of vertehrae and ribs were
obtained ; and one specimmen (no. 10620) including a number of anterior candal
vertebrae, fragments of ribs, and several elements of the posterior limbs was
found in place in the Hmestone. All of the saurian material from the New
Pass limestones seemed to eome from a single stratum about three feet in thiek-
ness. No new material was found which can be referred to Cymbospondylus
piscosus. The Triassic limestones at the New Pass locality are stated by PPro-
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fessor James Perrin Sniith to be of nearly the saine age as the Middle Triassic
horizon of the West Humboldt Range.”

The Dest specimen (no. 10620) consists of ribs, caudal vertebrae, and the
epipodial limb elements, whicli were discovered in place in the limestone. Its
characters differ from those of typical C. piscosus and petrinus of the type lo-
calities, and it appears to be necessary, for the present at least, to consider it
as a distinet species.  The lateral apophyses of the caudal vertebrae present are
reduced to small rounded projections situated a short distance below the middle
of the sides of the centrum. The vertebrac may be considered as representing
the anterior or middle portion of the candal region. The centra are consider-
ably higher than wide and their anteroposterior diameter is relatively short.
The anterior and posterior faces are so deeply concave that the central parti-
tion 1s almost if not quite broken through. The concave faces show a little
peripheral flattening, but the sharpuness of the concavity in the middle portion
1s not greatly in excess of that near the marginal area.

An upper areh associated with a eentrum is considerably flattened laterally,
though the summit of the blade is quite thiek. The thickness is, however,
nearly uniform for almost the whole of the anteroposterior diameter of the
suminit of the dorsal spine or blade. The summit is excavated or deeply
pitted. The zygapophyses are much like those in the anterior portion of the
caudal region of C. petrinus.

MEASUREMENTS OF A CAUDAIL VERTEBRA, NO. 10620.

IR O CEnT TN .o i = e 138 nmim.
zansverse diameter- of Centriim. i sssmsssstissmnees:. TOS
Anteroposterior diameter of eentrumny ... o8
BRI AR SN DDCT: AT ............. g coricrorescirioms o srsizs st rtirssee sttt e R )
Anteroposterior diameter of an upper arch .. 52
Thickness of an upper arch at snmmit ... 18

Accompanying the vertebrae in speeimen 10620 there are several ribs. They
are round in eross-seetion near bhoth the proximal and distal ends. The shaft
inereases in diameter very considerably at the rib head, but does not show mneh
lateral ecompression. The articular face appears to be hollowed out to a eon-
siderable extent.

Associated with the ribs and vertebrae of no. 10620 there are two hones
(pl. 13, figs. 4a and 4b) which do not correspond exactly in form to any ele-
nients that have been seen in other material thus far examined. They are
elongated, with a long diameter a little less than the height of the vertehral
centra. The middle portion is verv slender, with a nearly round eross-section,
and a diameter equaling about one-sixth of the length. Both ends are mueh

53 See list of species, p. 19.
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expanded, one heing nearly round and apparently deeply hollowed terminally.
The other end is broadened and is considerably flattened in a plane standing
almost at right angles to a less pronounced plane of compression of the oppo-
site termination. These elements may represent caudal ribs from a region
somewhat farther back in the series than the location of the more elongated
and evenly rounded ribs deseribed above. The less compressed end of the
shorter bones corresponds quite elosely with the proximal termination of the
certainly known ribs deseribed above, and is also somewhat smaller than the
heads of these ribs. The flattened and expanded end may represent a modi-
fieation in the terminal portion of a sacral rib, or may be the normal form in
all anterior eaudal ribs.

With the vertebrae and ribs of this specimen (10620) there are two ele-
ments, one of which (pl. 13, fig. 2) represents either a propodial or an anterior
epipodial element of the posterior limb; the other (pl. 13, fig. 3) is either a
posterior epipodial element of the hind limb or the isehial element of the
pelvie arch. The first mentioned bone is muech less elongated than either the
femur or the tibia of Cymbospondylus petrinus, and is most nearly ecomparable
with the tibia of Shastasaurus or Delphinosaurus. As there is no trace of a
proximal trochanterie elevation, though the bone is perfectly preserved, it may,
presumably, be considered as the preaxial, epipodial element, but of a type
quite different from that seen in C. petrinus.

The other bone has almost the same axial diammeter as the element referred
to as the tibia, but is considerably thinner, particularly
at the distal end. This element is slightly constrieted
medially, and greatly expanded distally. The distal
expansion resembles the broadening of the distal end
of the fibula in C. petrinus. If this element is the fib-
ula, the limDh must have been much broader than in (.
petrinus, and the epipodial region relatively shorter.
In any case the limb must have differed quite eonsid-

g

= = erably from that of C. petrinus, and suggests a special-

= izati f the epipodial region approaching that of

= %\ 1zation o he  eplpodia >g apy H 2 ta
= ,

= S Shastasaurus,

= Another speeimen (no. 10821) from New Pass, con-

\

sisting of an isolated vertebral eentrum (fig. 138) with
a portion of the neural arch attached to it, represents
= = the anterior or middle dorsal region. The centrum is
= relatively elongated compared with those of the same
Fig. 138, Cymbospondylus ne- Tegion in Shastasaurus, but does not differ greatly in
padanus, b spe (0 Lateral 4148 respeet from the corrvesponding centra of €. pe-

view of anterior dorsal ver-

s, (X % trinus. The anterior and posterior faces are deeply ex-

‘w




v—“

MERRIAM: TRIASSIC ICHTHYOSAURIA. 127

cavated. There is a single rib articulation which extends from the base of the
upper arch to a point a little helow the middle of the centrum, but the lower
end does not swing forward to the anterior margin, as is generally the case in
. petrinus. This form can be only tentatively separated from C. petrinus,
but with the differences shown in the small amount of material available it is
not considered advisable to refer it to that species, and it may be referred to
(. nevadanus.

MEASUREMENTS, No. 10620.
Postertor dorsal rib.
Vertieal diameter of rib head . 60 mm.

Anteroposterior diameter of nb hedd ...... 36
Caudal rib?
Length Lot e 2 SRR T W 130
Greatest. diameter of middle nf shaft R <R L L. D
Greatest diameter of less compressed end ..o 48
Thiekness of the less compressed end ... 35
Greatest diameter of more ecompressed end ... 53
Thickness of the more compressed end ... 25
Preaxial epipodial of posterior limb (?).
Axial diameter ... - 128
Transverse diameter of prmmnal end 140
Transverse diameter of median region ... 114
Transverse diameter of distal end ... 146.5
sreatest thickness of proximal end ... . . A B V65
Postaxial epipodial of posterior limb (?).
Axial diameter ... BB Rl B D
Transverse diameter of pm\nnal ond AT e s 2 B e 2 0D
Transverse diameter of median region . S D, o ... 3 T
Transverse diameter of distal end ... A e o LB
Greatest thiekness at proximal end ... e ()
MEASUREMENTS OF ANTERIOR DORSAL VERTEBRA, No. 10821,
Height of eentrnm .. ; S SRR P W o s AN L s T NCTERER,
Transverse diameter of oontnun e oo Ll B S S W | BN
Anteroposterior diameter of Centrum . 0%

ToreTocNEMUS Merriam.
Toretocnemus Merrian, Univ. Calif. Publ. Geol., vol. 3, p. 251, pl. 24.

Vertebral centra relatively elongated. Neural arches not greatly thickened,
but showing distinet lateral ridges. Caudal vertebrae with long Y-shaped
lower arches. Middle dorsal rib heads sharply divided into lower head and
tubercle. Diapophyses and parapophyses of vertebral centra widely separated
in the middle dorsal region. Posterior limbs equaling the anterior in size.
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Limbs with three digits and a rudimentary fourth. Epipodial segments elon-
gated and enclosing a wide space. Radius with median econstrietion, ulna
notehed only on the median border. Proximal row of mesopodial region in-
cluding only three elements. Carpals and tarsals in linear series. Phalanges
generally notched on one or both sides. Ischium and pubis plate-like; pubis
very broad, and with obturator foramen. Ilium slender and elongated.

The type speeimen, no. 8100, was obtained in the upper portion of the Tra-
chyceras Beds at Bear Cove, on the east side of Brock Mountain, between Pit
River and Squaw Creck, Shasta County, California. Other specimens evi-
dently to be referred to this genus are known from the Trachyceras Beds.

Toretocnemus is distinguished from all of the other American Triassic ich-
thyosaurs by the double rib articulation of the middle dorsal region. (See
fig. 59, p. 49.) In the characters of the limbs it has much in common with the
genus Merriamia, excepting that the posterior limbs are relatively large. The
pelvis is more primitive than that of any other Upper Triassie ichthyosaurian.
(See fig. 69, p. 55.) It differs from the posterior arches of other Triassie
forms, excepting- Cymbospondylus, in the enclosing of the obturator foramen.
The ilivm seems to be more slender than in any other known form.

TORETOCNEMUS CALIFORNICUS Merriam.
Toretocnemus californicus Merriam, Univ. Calif. Publ. Geol., vol. 3, p. 251, pl. 24.

The type specimen, no. 8100, Univ. Calif. Col. Vert. Palac., is the only de¢-
termined material which has been completely exposed for study. A number
of other small specimens from the samme beds show similar
characters. The type specimen was found embedded in a
thin slab of shaly limestone which had been weathered in
sitech a manner as to destroy a considerable part of the skele-
ton. The remaining fragments are not far removed from
their natural positions. The parts present represent small
fragments of the head, a vertebral series extending from the
middle dorsal region to the middle of the tail, the pelvis nearly
complete, the proximal half of hoth posterior limbs, a part
of an anterior limb, and numerous ribs. X

This was the first American Triassic ichthyosanr in which
the constricted phalangeal elements (fig. 139) were discov-
ered. In the character of its limhs and pelvis this is the most
primitive American Upper Triassic form. Whether the hi-
oy N R cipital rib articulation of the middle dorsal region indi('at(:s

californicus Merriam. primitive characters may perhaps be open to doubt. It is

Anterior limb, nat-

ural size. R, radius. Nevertheless most nearly parvalleled by the structure of some
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of the carliest known European forms. The elongated vertebral centra arve
evidently of a more primitive form than the shorter centra of the shastasanr-
1an type.
Megrriaza Boulenger.
Leptocheirus Merriam, Univ. Calif. Publ. Geol., vol. 3, p. 251, May, 1903. Preoccupied
by Leptochirus.
Merriamia Boulenger, Proe. Zool. Soc. Lond., vol. i, p. 425, Aug. 2, 1904.

Caudal vertebrae with elongated centra. Dorsal vibs single-headed. Cora-
coid elliptical, without pedunculation or emargination. Scapula with distal
expansion and short anterior hook. Tosterior limbs muech smaller than ante-
rior. Limbs with three digits and a much reduced rmdiment of a fourth.
Epipodial elements clongated and separated by a wide gap. Proximal row of
mesopodial region with three elements, and intermedium supporting but a
single element distally. Phalanges generally notched on one or both lateral
margins. Angular element of mandible relatively small. Dentition undiffer-
entiated, tooth erowns conical.

The genus is distinguished from 7'oretocnemus by the relatively small pos-
terior limbs, and the single-headed rib articulation of the dorsal region. Tt
differs from Delphinosauwrus greatly in the form of the known clements of the
lmbs and of the pectoral arch. Shastasanrus represents a type of speciali-
zation somewhat similar to that of Delphinosaurus but mueh more extreme.
Mirosaurus differs very considerably in the whole strueture of the limbs,
arches, and dentition.

This genus is represented by a single species occurring in the Trachyceras
Beds of the Upper Triassic limestones of Shasta County, California.

MERRIAMIA ZITTELI (Merriam).

Leptocheirus zitteli Merriam, Univ. Calif. Publ. Geol.. vol. 3, p. 253, pls. 21, 22, and 23.
Merriamia zitteli (Boulenger), Proe. Zool. Soe. Lond., vol. 1, p. 425. Aug. 2, 1904.
The type specimen, no. 8099, Univ. Calif. Col. Vert. Palae., was found in
the Trachyceras Beds of the Hosselkus Limestone at Smith’s Cove, between
Squaw Creek and Pit River, Shasta County, California. It includes about
one-half of the skull, the pectoral arch and limb, a large part of a pelvie limb,
with a number of vertebrae, ribs, and ahdominal ribs. In this form the tri-
dactyl type of limb is hetter expressed than in any of the other Triassic forms
known (figs. 140 and 141). A somewhat similar form of limb is seen in some
of the longipinnate forms of Ichthyosaurus, as I. acutivostris Owen, I. platy-
odon Conybeare, and 1. tenuirostris Conybeare.
With the peetoral arvch of the type specimen of this species the elavieles
were present in front of the coracoids. They are represented by two broad
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bars of bone meeting or possibly overlapping at the median line. The ends
direeted toward the scapulae are unfortunately broken away. The median

Figs. 140 and 141. Merriamia zitteli (Merriam). Anterior and posterior limbs, X 4. Fig. 140,
anterior limb; 7, radins; fig. 141, posterior limb; ¢, tibia.

ends are broad and are concave on what appears to be the posterior side. As
far as can be determined these clements are much like the clavicles of Shas-
tasaurus. An elongated triangular bone situated immediately be-
hind the ends of the elavieles may represent the interclavicle. If
this element is represented entire in this speeimen, the posterior
median arm or stem is very little developed, and is relatively
smaller than in any other ichthyosaurian.

e A caudal vertebra of this species (fig. 142) shows a consider-
(Merriam). ably clongated form somewhat like that of Toretocnemus. The
Lateral view S
of candal vor. €nd faces are deeply concave and do not show a peripheral flat-
tebra, X %.  tening of the face.
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DevrrHINOSAURUS Merriam.

Shastasawrus perrini Merriam, Univ. Calif. Publ. Geol., vol. 3, p- 89, pls. 5, 6, and 7.
Delphinosaurus Merriam, Amer. Jour. Sec., vol. 19, p. 24, fig, 3. Jan., 1905.

Vertebral centra relatively much elongated, length of dorsal centra equal-
ing one-half to three-fourths of their hieight. Neural arches of dorsal verte-
brae much compressed laterally, though low lateral ridges or ribs are present.
Scapula broad sickle-shaped, and without anterior notch or hook. Coracoid
not pedunculate, with a well-marked anterior notch. Humerus narrower medi-
ally than in Shastuscurus. Epipodial elements of anterior limb both relatively
elongated, and with median constriction. The genus ranges through the
greater part of the lower or shaly horizon of the Hosselkus Limestone.

In the first study of D. perrini, the type species of this genus, the vertebrae
were distinguished from those of the other forms referred to Shastasaurus by
their extraordinary anteroposterior diameter. 'The typieal species was, how-
ever, referred to the genus Shastasaurus, other distinguishing characters not
heing recognized owing to the fact that exeepting ribs and vertebrae nearly
all of the parts present in this species were lacking in the known species of
Shastasaurus. More recent discoveries have made known nearly the whole of
the skeleton of this form excepting the distal portions of the paddles. While
the skeletal strueture obviously represents the shastasaurian group, it is dis-
tinguished from that of the typical species of Shastasaurus by several impor-
tant eharaecters other. than those of the vertebrae. Only one speeies, D. per-
rini, is recognized. '

DELPHINOSAURUS PERRINI Merriam.

Shastasaurus perrini Merriam, Univ, Calif. Publ. Geol., vol. 3, p. 89.
Delphinosaurus perrint Merriam, Amer. Jour. Se., vol. 19, p. 24¢. Jan., 1905.

Type speeimen no. 9119, Univ. Calif. Col. Vert. Palae. Since the diseovery
and description of the type material three valuable speeimens representing this
speeies have been obtained. A eonsiderable number of more fragmentary
specimmens indicate the geologic range of the speeies.

No. 10998 (pl. 7, fig. 3), a small speeimen about two metres long, represents
a large part of the skeleton, extending from the anterior region of the skull
to the end of the tail. This specimen is somewhat smaller than the type of
D. perrini, and the vertebral centra are slightly less elongated in proportion
to their height, but the resemblance to that speeies is in general very close.
In this specimen the vertebral cohunn includes 115 centra and appears to be
nearly complete. About 75 of the centra are in the eaudal region, whieh con-
stitutes nearly one-half of the length of the column. The remaining 40 verte-
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bral centra reach to the posterior part of the skull. Benecath the skull, weath-
ering and imperfect preservation of the bones make it diffieult to determine
how many centra have been present, but there could hardly have been more
than ten, and the number was probably somewhat less. The total number of
vertebrae for the presacral region ineluding an estimate of between five and
ten for centra possibly lost beneath the skull would be near 45, or about the
same as in Ichthyosaurus. In the type specimen there are 35 presacrals
present, and the estimated number for the whole presacral region is also
about 45.

The candal region of no. 10998 terminates with a series of very small centra
about ten millimeters in height. It appears to be nearly complete, though a
few more terminal centra may have heen present originally. In the distal half
of the candal region, following a slight downward curvature, the tail is bent
upward and down again as in Mirosaurus, and at the extreme distal portion
it is curved upward again. As the whole vertebral colummn is turned partly
over, and is somewhat disturbed in this specimen, it may perhaps be ques-
tioned whether the curvature seen here represents the normal position of the
vertebral eolumn in the caudal fin. There is, however, relatively less disar-
angement of the vertebral centra in the caudal region than elsewhere, and
a part of the sinunosity shown may represent a normal vertical enrvature, some-
what resembling that of Mizosaurus.

In the vertebral column of the -type specimen of D. perriné there are he-
tween 25 and 30 vertebrae in that portion of the candal region anterior to the
bend of the tail. In speciimen 10998 the beginning curvature seems to occur
between the 25th and 35th candals.

Throughout the whole vertebral colummn the centra are extraordinarily long
for ichthyosaurians. In a middle dorsal of the type specimen the ratio of
height to length is 1:84, and in an interior caudal 1:56.

The spines of the upper arches are not greatly elongated in any part of
the column, but are in general considerably compressed laterally (see fig. 32«
and 320, p. 34), particularly in the dorsal and anterior eaudal regions. The
strong lateral compression of these arches stands in decided eontrast to the wide
cross-section of the neural spines of the dorsal region in some forms of Shas-
tasaurus. That the flattened form of spine is derived from an originally
thicker type, is suggested by the distinet lateral rib situated about the middle
of the expandéd blade of cach arch.

The »ih articulation is evidently similar to that of Shastasaurus. Though
little is known of the most anterior cervical vertebrae, they seem to have sup-
ported bicipital vibs. From the anterior dorsals back to the caudals the ribs
were single-headed. In the posterior dorsal and anterior caudal regions the
rib heads are well preserved, and there is no evidence of bifurcation of the
heads, as has been suggested for Mizosaurus.
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In the anterior dorsal region the rib heads articulate mainly upon the large
diapophyses, but the npper portion seems to have heen distinetly in contact
with the base of the neural arch. (See fig. 26, p. 32.) Abhont as far back as
the twenty-fifth vertebra the bases of the upper arches are produced laterally
over the tops of the ecentra so that the lateral extremities are immediately over
the lateral faces of the diapophyses. The ends of these lateral spines of the
neural arches appear distinetly truncated, and the lateral faces were evidently
continuous with the articulating faces of the diapophyses.

The rib articnlation remains high np on the side of the centrnm as far back
as the middle of the dorsal region, where it snddenly drops to the middle of
the centrumi. i

In all specimens examined the lower arches of the caudals in this species
are very long, while the right and left elements ave fused inferiorly to form a
spine which may be considerably longer than the V-shaped portion above. The
articulation of the lower arehes is intervertebral, and pairs of distinet faeets
are formed on the adjoining margins of the centra with which the arehes are
in contact.

The long dorsal ribs of D. perrini are of the same general form as those in
Shastasaurus, but do not show as pronounced ontward curvature of the upper
portion of the articular face as in Shastasauwrus altispinus. In the dorsal ve-
gion the rib shaft is furrowed anteriorly and posteriorly for a large part of
its length. ‘

The pectoral arch was represented in the type specimmen by a fragment of
a coracoid. In speeimen 9082 (pl. 14) the scapnla,
coracoid and probably the eclavicle are preserved,
The scapula (fig. 143) differs from that of all other
ichthyosanrians in having a hroadly sickle-shaped or
lunate form withont an anterior hook as in most other
Triassic forms. The posterior margin is much
shorter than the anterior and is strongly concave. It
is separated from the proximal and distal margins
by sharp angles. The auterior margin is regularly “ 7N
convex, and eurves into the proximal and distal mar- ¢/ ‘ ’lﬁpm\\\ W
oins, from which it is not distinetly separated. bl I

The coracoid has the form of an ellipse with a VFig. 143. Delphinosaurus = perrini

y L LT Merriam. Scapula, X %.
strong emargination at one end. The general outline
is somewhat similar to that of Iehthyosaurus ingens Theodori.

Large curved elements which may represent the clavicles are present on the

slab in specimen 9082, and are in contact with the scapula. No interelavicle is

known.
With specimen 9082 hoth anterior limbs are present with the pectoral girdle
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(pl. 14), but in both limbs the phalangeal elements have heen lost or scattered.
The propodial and epipodial segments are different from those of any other
known form. The humerus is considerably narrower medially than in Shas-
tasaurus, and is mueh more abbreviated and of very different form from that
in Merriamia or in Cymbospondylus. Fxeepting Cymbospondylus, this is the
ouly known Triassic type in which both epipodials of the anterior liinb show
a median constriction. The ulna and radius have nearly the same form. In
both bones the median border is concave, and the lateral border is deeply
notched. Both elements are relatively much longer than in Shastasawras, and
approach the length of the humerus.

1445 145

Figs. 144a-146. Delphinosaurus perrini Merriam. FElements of pelvis, X 1.
Tig. 144a, ilium, posterior view; fig. 144b, ilium, median side; fig. 145, ischium; fig. 146, pubis.

A proximal and a distal row of earpals, including three elements in each
row, are present. The proximal row is evidently complete, the same elements
appearing in both right and left limbs. The distal row may have included
more elements, though they are not represented in this specimen. In the first
row the radiale shows an anterior marginal notch as in the longipinnate ich-
thyosaurs. The intermediwn is large and subquadrate in form in both right
and left limbs. The ulnare is relatively small and nearly eireular in both
limbs. In the second row of carpals the third element from the anterior
border is almost immediately opposite the ulnare, and shows the same dimen-
sional relations to earpalia one and two that the ulnare shows in relation to
the radiale and intermedium. The noticeable reduction of the posterior elé-
ments in both rows of the earpus seems to indicate a reduetion of the posterior
digits equaling or exceeding that in the tridigital manus of the genus Merriamia.

The rounding of the margins of the carpal elements evideutly indicates the
presenee of eonsiderable eartilage, and suggests a fairly high stage of special-
ization.

The elements of the pelvis are all shown in the type specimen (pl. 17, and
text-figs. 144 to 146). An ischium and a pubis of similar character are also
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present in specimen number 9086. The determination of these bones was to
some extent tentative in the study of the first specimen, hut seems now fully
justified by what is known of the pelvis of other Triassic ichthvosaurians in
which the position of the elements is definitely determined. The pelvie bones
are in general mmeh like those of Shastasaurns. The ilinm is distinguished
from that of all the other Triassic genera by the presence of a tubercle near
the outer side of the proximal end. This tuberosity is indicated on both of the
known specimens, and has not thus far been seen in any other form. The
ischium is somewhat hroader than in Shastasanrus. In the pubis the proximal
end is not as wide as in S. pacificus, while the distal hook is not as strongly
curved as in that form.

The posterior limb (fig. 147) shows much the sane stage of development as
the posterior one in S. osmonti (no.
9608 ; see figs. 100-101, p. 66). The fe-
mur is more distinetly abbreviated than
in Cywmbospondylus, and is somewhat
broader than in S. osmonti (no. 9608).
The tibia and fibula both show a median
constriction. The tibia is mneh larger
than the fibnla and has nearly the same
width at the two ends. The fibula is
expanded at the distal end, but as in
Cymbospondylus the proximal end is
barely wider than the middle of the
shaft. Several discoidal limb elements
are present with the hind limb of the
type speeimen, but it is uncertain
whether they represent mesopodial or
I)hillﬂl]gﬂi\l elements. Fig. 147. Delphinosaurus perrini Merriam.

A considerable part of the skull is Posterior limb, X %.
present with specimen 10998, and a por-
tion of the eranium with specimen 9082, bnt as yet it has not been possible
satisfactorily to free the delicate bones from the hard matrix.

Of specimen 9082 there are given below the measurements of three an-
terior dorsal vertebrae, which correspond in their position to about the 15th,
16th, and 17th in the vertebral columm; a fourth is near the position of the 25th

vertehra.

MEASUREMENTS, SPECIMEN 9082,
15th vertebra, anteroposterior diameter of eentrum 21.3 mm.
15th vertebra, height of eentrum . it $30)
15th vertebra, height of npper areh ... ,, 41
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SHASTASAURUS Merriam.

Nhastasaurus Merriam, Amer. Jour. Se. 1895, vol. 4, p. 56.

Shastasaurus (Dames), Sitzb. d. Acad, d. Wiss. Berlin, 1895, p. 1048.
Nchastasaurus (Boulenger), Zool. Reeord. Rept. p. 29, 1896.
Schastasaurus (Yakowlew), Verh. d. Kais. Russ. Min. Ges. Bd. 40, p. 194.

Vertebral centra relatively short, neural spines often greatly thickened.
Bicipital vibs only in anterior part of series. Coracoid pedunculate; scapula
expanded distally, and with anterior hook. Pubis and ischium much expanded
distally, pubis with deep obtnrator notch. Propodials and epipodials of an-
terior limbh relatively much shortened. Epipodial elements separated by a cleft
excepting in extreme cases of shortening (S. careyi). Posterior elements of
epipodial and mesopodial series relatively reduced.

Typical species, S. pacificus, from the upper portion of the Trachyceras
Beds of the Hosselkus Limestone of Shasta County, California.

This genus is characterized by the extreme speeialization of the limbs
and of the neural vertebral arches. Both propodial and epipodials of the an-
terior limh are greatly shortened, the most extreme form appearing in S.
careyt, where the length may not amount to more than 75 per cent. of the width.
With the reduction in length of these clements there has ocenrred also a redue-
tion of the posterior elements of the limb, so that the posterior epipodial and
probably the third or posterior mesopodial were much smaller than in the other
genera. Jndging from what is known of this reduetion, the posterior digit has
also suffered rednction, and the limb may have been reduced nearly to a two-
fingered type. The clements of the arches are generally thick and heavy.
Particularly is this true in the case of the coracoid, which is also exeeptionally
narrow anteroposteriorly near the proximal end.

The skull is fairly well known in this genus, but has not shown any very
marked characteristies.

The species oceur in the Hosselkus Limestone of Shasta County, Cali-
fornia, ranging from the lower part of the Trachyceras Beds to the massive
upper limestones. §. osmonti seems to range from the Trachyeceras Beds,
where it is eommon, to the upper, massive limestone where it is rarve. S. alex-
andrae, S. altispinus, and S. pacificus are known from the upper portion of the
Trachyceras Beds. In the upper, massive limmestones §. careyi is the eommon
form, vertebrae of S. osmonti being seen with it oceasionally. S. caryei may
possibly oceur also in the upper part of the lower horizon.

The history of the genus seems to show pretty clearly a gradual evolution
out of an earlier, smaller, and less specialized type like S. osmonti, to the mnch
larger and more highly specialized S. careyi, whieh is almost the only form
seen in the npper, massive limestones.
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As yet no true Shastasaurus is known from the Middle Triassie formation of
Nevada.

From the evidence of a very small quantity of fragmentary material it ap-
pears possible that ichthyosaurian forms at least allied to Shastasaurus have
had a wide geographie distribution in Triassic times. From an examination
of the measnrements of Hulke’s Ichthyosaurus poluris the writer has sug-
gested (1902, 2, p. 88) that this form closely resembles in character the pos-
terior dorsals of Shastasaurus. More recently Yakowlew (1902, 1, p. 194) has
deseribed additional material from this region. This he refers to the species
polaris, whieh is considered by him to he a true Shastasaurus. As is indicated
elsewhere (p. 150) this form is possibly nearer to Cymbospondylus than to
Shastasaurus.

SITASTASAURUS OSMONTI Merriam.
Shastasaurus osmonti Merriam, Univ. Calif. Publ. Geol., vol. 3, p. 93, pls. 8, 9, 10, and 11.

Vertebral centra relatively longer than in S. careyi, and somewhat shorter
than in S. pacificus or altispinus. Neural arehes of dorsal vertebrae showing
more lateral compression than S. carcyr and altispinus. Coraeoids and hnme-
rus mueh broader and thieker than in S. alexandrae. Humerus less abbreviated
than in S. carey.

This species was the first American Triassic iehthyosaur of whieh enough
material was found to make possible a satisfactory determination of its syste-
matie position. 'The type speeimen consisting of thirty-five vertebrae from the
anterior portion of the eolumn, together with the most important elements of
the anterior arch and limb, was obtained by Mr. V. €. Osmont from the Atrac-
tities Beds of the Hosselkus Limestone, at Smith’s Cove, on the west side of
Broek Mountain, between Squaw Creek and Pit River, in Shasta County,
California. Several other specimens representing about as large a portion of
the skeleton as the type, also many isolated bones or small parts of skeletons,
have been obtained. The species ranges from well down in the Trachyceras
Beds of the lower or more shaly division of the Hosselkus Limestone up into
the higher, massive, gray limestone horizon represented in part by the Spiri-
ferina Beds. It is most common in the upper part of the lower or more shaly
division.

The species includes individuals probably ranging from 12 to 18 or 20 feet
in length.

In the type specimen, no. 9076, Univ. Calif. Col. Vert. Palae., a series of ver-
tebrae shows the characters of the .centra from the axis to the 36th eentrun.
(See fig. 57, p. 48.) As far back as this series of centra extends the faces of
articulation of the diapophyses are confluent above with the artieular faces for
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the neural arches. In the anterior region of the column the diapophyses are
relatively short, and well developed parapophyses are present helow them. In
proceeding backward in the series the diapophyses gradually elongate, and in
the middle dorsal region develop a knee-like bend at about the middle of their
height, the lower portion of the apophysis swinging forward almost to the
anterior margin of the centirnm. Behind the anterior ten or eleven vertebrae
the parapophyses are reduced and were not funetional. The last minute trace
appears on one side of the cighteenth centrum. ~

The npper arches of the vertebhrae in the most anterior cervical region pos-
sess slender spines with a round cross-seetion. The spines of the dorsal arches
are thick compared with those of Iehthyosaurus, but they are more compressed
laterally than in S. altispinus or S. careyi.

The ribs are rather heavy and tend to develop the ontward curvature of the
npper portion of the articular face, permitting a rocking movement, but much
less strongly than in S. altispinus (see figs. 66a and 66b, p. 52) or S. careyt.

In speeimen 9081 there is present the posterior portion of a eranium of
S. osmonti with the eervical and anterior dorsal vertebrae, the pectoral girdle,
and portions of both anterior limbs. The Hmb and arch elements are slightly
smaller than those of the type specimen, but the general form and proportions
are the same. In this specimen the series of cervical vertebrae seems to be
complete, though the anterior individuals are displaced somewhat. Immedi-
ately behind the articular face of the basioecipital is a small, thin centrum
representing the atlas. One surface shows a funnel-like coneavity which ex-
tends inward almost from the margin. The opposite side 1s gently eonvex, ex-
cepting a small, shallow, eentral coneavity covering not more than one-third of
the area. The widely concave side apparently represents the posterior face,
the anterior face of the centrum considered as the axis being also deeply con-
cave. Its funnel-shaped form is, moreover, not the form of excavation that
would probably develop in articulation with the basioecipital. The posterior
articular face of the basioceipital is strongly convex, and the middle of the
face evidently rested in the small concave middle area of the anterior side of
the atlas.

The atlantar centrum differs from that of Cymbospondylus in the develop-
ment of the slight coneavity on the otherwise convex anterior face, and in the
apparent absence of distinetly marked lateral faces. The addition of a cer-
tainly known atlas to the vertebral series of Shastasaurus snggests that, as
indicated in the original deseription, the number of cervieals with attached
intercentra may be larger than in Ichthyosaurus.

A valuable specimen (no. 9608; pl. 17, fig. 1) found during the season of
1903 appears to correspond to S. osmonti, and shows the previously unknown
vertebrae and ribs of the posterior dorsal, saeral, and anterior eandal regions,
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together with all of the pelvie elements, and the first two segments of the pos-
terior limb.

Over thirty vertebrac are present with this specimen, the number being
about evenly divided between presacrals and postsacrals. They have heen but
little disturbed, but are so turned that measurements of their height cannot
be made in most cases without destroying nenral arches or ribs. The length
and height of a dorsal ahout fifteen vertebrae in front of the pelvis are nearly
the same as in the type specimen of S. osmonti. The anterior candals ave
much shorter than the corresponding centra of D. perrimi. A comparison of
the vertebrae of this form with S. pacificus is diffienlt, as the portion of the
vertebral column represented in that species is here covered by the ribs. The
nenral spines of the most posterior dorsals are, however, much like those in
the type specimen of S. pacificus. The pelvis so far as known is quite differ-
ent from that of S. pacificus.

Short caudal ribs and long-spined Y-shaped chevrons are present on the an-
terior candal vertebrae.

MEASUREMENTS OF VERTEBRAE, SPECIMEN 9608,
Anteroposterior diameter of the centrum of a posterior dorsal abont

fifteen vertebrae in front of the pelvis 32 mum.
Height of 15th eentrum in front of pelvis ... ‘ A ()
ITeight of a nenral arch abount seven vertebrae in front of the pelvm ...... 66
Anteroposterior diameter of an anterior caudal centrum immediately

behind the pelvis .. 32
ITeight of neural arch of antmmr caudal immediately behind the pelvm 52
Length of an anterior caudal chevron ... a 114

a Approximate.

The coracoid of the type specimen of S. osmonti is characterized by its
thickness, and the extreme narrowness of the proximal portion. The form
of the scapula is much like that in some mosasaurian genera. The greatly ab-
hreviated and thickened elements of the anterior limb, thongh shorter and
thinner than in S. alexandrae, ave casily distingnished from the corresponding
elements of S. careyi, which are much more specialized in these particulars.

Near the humerus in specimen 9081 is a row of three paddle bones from
the mesopodial or phalangeal region (pl. 15, fig. 4). Two of them are of nearly
equal size, and the third element, at one end of the row, is much smaller. As
has been stated elsewhere (p. 72) there is reason to suppose that the rela-
tively large size of the anterior elements of the limb was accompanied by re-
duction of the posterior clements to such an extent that the limb came to have
only three digits, the most posterior of which was relatively small.

Other discoidal paddle bones are present with specimen 9081, and in one of
these the margin is distinetly pitted and grooved (pl. 15, fig. 3).
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The pelvie elements seen in specimen 9608 (pl. 16) are much like those of
Delphinosaurus perrini, thongh the pectoral arch is very different. The ilium
is more robust than in T'oretocnemus. 'The proximal end is hroadened trans-
versely much as in Delphinosaurus and Cymbospondylus. There is no evi-
denee indicating the presence of a posterior tuberele such as seems to be present
on the ilinm of Delphinosaurus,

The ischinm is a broad, plate-like element, but is not as wide as in Delphi-
nosawrus or in Cymbospondylus petrinus.

The pubis is intermediate in form between that of the S. pacificus and the
corresponding element of D. perrini. 1t differs from the pubis of S. pacificus
in the form of the posterior portion of the proximal end, which in S. pacificus
curves inward and forward toward the posterior hook of the expanded distal
portion. In the type specimen of S. pacificus the proximal end is broader and
the posterior proximal hook more pronounced than in specimen 9608.

Of the left hind limb (pl. 16, fig. 6) the elements belonging to the propo-
dial and epipodial segments are but little disturbed. The femur is a short
robust bone with a well developed trochanteric ridge, and a somewhat ex-
panded distal end. It is a little more slender than in D. perrine, but is not more
elongated than in Ichthyosaurus. It is relatively heavier and broader than in
Cymbospondylus.

Each of the epipodial elements shows a median eonstriction, and they are
in consequence of this separated by a wide gap. The tibia is much larger than
the fibula, and is almost equally expanded at the two ends. The fibula is much
expauded distally, while the proximal end is hardly broader than the median
portion of the shaft. The charaeters of the epipodial elements are in general
much like those of Delphinosaurus perrini excepting that both elements are a
little more slender than in that form. With the determinable limb bones of
this species are several discoidal limb elements which may represent tarsals or
possibly phalanges. In one of these rounded elements the thickness of one side
is much greater than the other, probably indicating its position near the border
of the limb, and the peripheral surface is distinetly conecave.

MEASUREMENTS OF SPECIMEN 9608,
Pelvie Elements.

MlinmEslenstht 2. .ol . 110 mm.

Tlinm, transverse diameter of distal end ... : 60
I A TTIL1L SL et i oo e . i SO o PSSy 1 (00
Isehinm, greatest width ... - pe . S AT U e SRS
Pubis, length ... b ST o 5 LA e A 0]0)
Pubis, greatest width of distal blade ... it 105

Pubis, width of proximal end ... 67
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Posterior Limb.

f Femur, length 132 mm.
Femur, width of proximal end 78
Femur, greatest diameter of proximal end 84
Femnr, width of distal end ... 117
Tibia, length ... 96
Tibia, width of proximal end 92
Tibia, width of narrowest portion of shaft 66
Tibia, width of distal end 108
Fibulagilengbh, - = sl L oy 94
Fibula, width of proximal end 41
Fibula, width of distal end . : 86

Of the skull only the most posterior portion of the eranium and of the lower
jaw are present in specimen 9081. In the posterior parietal region the rela-
tions of the parietals are seen for the first time in Shastasaurus, the posterior
arms of the parietals extending backward hehind the parietal arch of the squa-
mosal, as in Cymbospondylus and Baptanodon.

The relations of the temporal, supratemporal, postorbital and quadrate are
distinctly shown, and are much as in S. alexandrae. The articular face of the
quadrate shows a weak transverse groove.

The form of the basioecipital appears to be different from that in Ichthyo-
sauwrus or Baptanodon. 'The inferior side of this element is produced as two
prominent hypapophyses not unlike the corresponding prominenees in Cym-
bospondylus or in the Mosasauria. The posterior articular face is strongly
convex.

SHASTASAURUS ALEXANDRAE Merriam.

Shastasaurus alexandrae Merriam, Univ. Calif. Publ. Geol., vol. 3, p. 96, pls. 12 and 13.

Vertebral centra much as in S. osmonti, but mueh longer anteroposteriorly
than in S. careyi. Anterior cervical ribs double-headed ; posterior cervical or
anterior dorsal ribs single-headed. KElements of the peetoral arch and anterior
limb mueh broader and thinner, and anterior noteh of the humerus much wider
than in S. osmonti. 3

Type specimen, no. 9017, Univ. Calif. Col. Vert. Palae., from the upper part
of the Trachyceras Beds of the Hosselkus Limestone, one-quarter of a mile
south of Smith’s Cove, Brock Mountain, between Squaw Creek and Pit River,
Shasta County, California. Fragmentary material apparently belonging to
this species has been found at other loealities in this region.

The type speeimen of this speeies represents an individual of nearly the
same size as the type of S. osmontt, but the cervieal and anterior dorsal verte-
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bral centra are relatively a little longer than in that species. The coracoid,
scapula and hunerus are all much broader and thinner than the corresponding
hones in S. osmonti. Though the two species are closely related, the differ-
ences are of sufficient magnitude to deserve recognition in an attempt to ex-
press in a classification the amount of variation in this genus.

The type specimen: is the only individual of a typical Shastasaurus of which
any considerable portion of the skull is known. Most of the elements are
shown in this specimen excepting the rostral region. The cervieal vertebral
series is eomplete, and the elements which are of importance in determining
the nature of the change in the rib articulation from double to single have
been almost perfectly preserved.

SHASTASAURUS PACIFICUS Merriam.

Shastasaurus pacificus Merriam, Amer. Jour. Sei., 1895, vol. 4, p. 56, figs. 1 and 2. Univ.
Calif, Publ. Geol., vol. 3, p. 102, pl. 14, figs. 1 and 2, text-fig. 1.

The type specimen of this species, constituting also the type of the genus
Shastasanrus, was unfortunately represented by only a few posterior dorsal
vertebrae and ribs, with one complete pubie bone and a portion of another.
Though a considerable guantity of ichthyosaurian material has been known
from the Upper Triassic of America, no other specimens have been discovered
which seemied certainly to represent this specifie type.

The species seems to be characterized by greater length of the vertebral
centra anteroposteriorly than in any other species of
Shastasaurus. The neural arches of the posterior dorsals
are short and are considerably thickened but do not show
the characters of S. altispinus or S. careyi.

The form of the pubis (fig. 148) is most nearly ap-
proached in S. osmonti. Tt differs from the form in that
species in that the proximal end is broader and the pos-
terior portion curves forward and inward toward the
prominent posterior hook. In 8. osmonti the proximal & 1% G’;‘,’iffﬁj”'”fu{,’f:
end of the pubis is narrower and is not upturned. R T R ria

Associated with the type speeimen of S. pacificus are three large diseoidal
elements, similar to those with the posterior limb of speeimen 9608, referred
to S. osmonti. They appear to have been slightly econeave on the upper and
lower surfaces. The dises are quite thick, and the edges are eoncave with an
uneven or pitted suwrface. The form of these elements indicates that they were
separated by a considerable body of cartilage. The dises resemble the pha-
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langes of Baptanodon, hut fail to show even the tendeney to angularity seen
in the proximal mesopodials of that form. Inasmuch as elements of this char-
acter are also found associated with the epipodial region in the types of S.
osmonti and D. perrini, it is possible that they are proximal mesopodials. In
D. perrini (no. 9082), the anterior and middle proximal carpals are however
slightly angular. It is not improbable that in this species as in other forms of
Shastasaurus the nmesopodial and phalangeal elements were all reduced to the
peripherally grooved or pitted discoidal form.

Though the characters of this form of Shastasawrus approach those of S.
osmontt, and it may ultimately be necessary to unite them, no intermediate
types are known. As long as the two forms can be distinguished the interests
of elassification are best subserved by recognizing them as distinet.

SHASTASAURUS ALTISPINUS Merriam.

Shastasawrus altispinus Merriam, Univ. Calif. Publ. Geol,, vol. 3, p. 99, pl. 14, fig. 5, and
pl 15.

Vertebral centra not differing greatly in form and proportions from S.
osmonti; neural spines of dorsal vertebrae very thick transversely. Exeept-
ing the blade-like anterior and posterior margins, they are nearly cireular in
cross-section. Distal end of spines hollowed by a groove-like anteroposterior
excavation. Heads of dorsal ribs with two faces sharply turned away from
cach other; upper face usually more noticeably pitted than lower. The kunown
podial Iimb elements with rounded and excavated or deeply pitted margins,
but with a distinet notch on the outer side.

Very little is known of this species excepting the type specimen and a
small amount of fragmentary material which may helong here. 1t seems to
be fairly distinetly separated from S. osmonti and S. alexandrae with shorter
and broader neural spines and less specialized 1ib heads. In 8. altispinus the
upper arches of the middle dorsal vertebrae are more than 20 per cent. higher
than the centra, and in S. osmonti they are 10 per cent. shorter thau the centra.

In S. altispinus the peculiar double facetted character of the heads of the
dorsal ribs seems to be more strongly expressed than in any of the other species
(pl. 18, figs. 3a and 3b). The lower face is generally less distinetly pitted than
the upper, and was evidently in direct contact with the lower portion of the
diapophysis. The upper face may be turned away from the lower face as much
as thirty-five degrees. The surface of the upper face is generally quite dis-
tinetly coucave. As is shown under the general discussion of the rib articu-
lation of Triassic Iehthyosauria (p. 52) the adjustment of the rib to the



MERRIAM: TRIASSIC ICHTIIYOSAURIA. 145

vertebral centrum is in these forms quite different from that of the typieal
Icehthyosaurus.

From S. careyi this species differs in having longer vertebral centra and
very much longer neural vertebral spines, with anteroposteriorly grooved in-
stead of strongly convex terminal faces of the neural spines. The upper ends
of the neural spines of the middle dorsal region are also much thicker than
the middle portion of the arch in 8.
careyi. In S. altispinus a tendency to
thicken the npper portion of the neural
spines appears, but it is not developed
as far as in S. carveyi.

Two paddle elements occurring with
the type specimen of this speeies both
show sharp marginal notehes (fig. 149)
such as are not seen in any discoidal
limb bomnes of S. osmonti. The periphe-
ral face in these clements is concave and P& 149 Shastasaurus ff,t::f,’;ﬁ:{fall,\lolr,f;?:;odf;ifr‘g,
much roughened. phalangeal region, X %.

SHASTASAURUS CAREYI Merriam.
Shastasaurus careyi Merriam, Univ. Calif. Publ. Geol., vol. 3, p. 98, pl. 14, figs. 3 and 4.

Vertebral centra relatively high and short. Neural spines of dorsal verte-
brae considerably thickened distaily. Limb elemnents more abbreviated than
in other species. Radius relatively large.

The type specimen (no. 9075, Univ. Calif. Col. Vert. Palae.) of thisspecies
consisted of two very large vertebrae and some rib fragments from the ante-
rior dorsal or posterior cerviecal region. The diapophyses are short, and rudi-
mentary parapophyses are present below them. The centra are relatively short
anteroposteriorly. The dimensions of the centra in this specimen indicate that
this form approached the size of the largest known species in the genus Ichthy-
osaurus.

MEASUREMENTS, NO. 9075.

Width of vertebral ecentrum from anterior dorsal or posterior cervical
region b L ANEAT e . e Nt e 180 mm.

Height of centrum ... t el S S S ekt e e 1160
Anteroposterior diameter of eentrum ... R e e S 8 e 60

a Approximate,
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A specinien (no. 9614 ; pls. 15 and 18) obtained from the Upper Triassic of
Shasta County, California, in 1903 shows several characters of limibs and ver-
tebrae not previously seen in any of the material from this region. It repre-
sents a large animal with greatly abbreviated propodial and epipodial limb
elements. The vertebral centra are unusunally short anteroposteriorly, while
the short neural spines are nearly round in cross-section, and are much swollen
at the distal end.

The eharacters of the limb elements (pl. 15) resemble somewhat those in
S. osmonti. The hunmierus is much shorter and broader than in that species
and is altogether the most abbreviated proximal b segment known in any
ichthyosaurian. The bone is also remarkably thick throughout, although the
pectoral ridge shows relatively but little elevation compared with that of S.
osmonti. The anterior edge is sharply emarginated as in the other species.
On the distal end the faces of articulation are not distinetly separated hy an
angle as in S. osmonti, and the surface is considerably excavated. The radius
is relatively large compared with the humerus. Both its length and width are
greater compared with the corresponding dimensions of the humerus than in
the other species. Its length is also less compared with its own width. Tx-
cepting the wide but rather sharply marked notech on the anterior margin, the
outlines of the bone are gently rounded, in contrast to the somewhat ang-
nlar form of the radius in S. osmonti. The posterior margin of the hone is
convex instead of concave as in all other known Triassic ichthyosaurs, indi-
ating the absence of a distinet gap between radius and ulna. Excepting the
notehed anterior side the whole border of the radius is sharply excavated by
a eontinuous groove running around the margin.

MEASUREMENTS OF LIMB ELEMENTS, SPECIMEN 9614,

Humerus, axial diameter ... RSO, L0 LI ot e SOV il
Humerus, greatest transverse diameter ... e
Humerus, greatest thickness of proximal end ... . ... 138
Humerus, greatest thiekness of distal end . 90
Radius, axial diameter ... 126
Radius, greatest transverse diameter ... W (0

In specimen 9614, ten complete vertebrae are present in series, with the
upper arehes and ribs very little disturbed. The centra are large and are re-
markably thin anteroposteriorly (pl. 18, fig. 5¢). Judging from the position
of the diapophyses they belong to the middle dorsal region. The centra are
thinner than in any other species of Shastasauwrus, unless it he S. careyi. The
diapophyses are long and narrvow. The anterior and posterior faces of the
centra are evenly but deeply hiconcave. 'T'he neural arches are relatively short,
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their height being considerably less than the height of the centra. The distal
cuds of the neural spines are much expanded and thickened, and the upper por-
tion is slightly domed, instead of excavated as in S. altispinus. A horizontal
cross-section of the upper portion of the neural spine is nearly circular, and at
the upper end of the spine the transverse diameter is considerably greater than
the corresponding diameter immediately above the zygapophyses. The zygapo-
physial facets are well developed although not very large.

MEASUREMENTS OF VERTEBRAE, SPECIMEN 9614,

Height of centrum of vertebra from middle dorsal region. ... 118 mm.
Transverse diameter of eentrum ... . qll15
Anteroposterior diameter of eentrnm ... 34
Length of upper areh SN T ) L ' 79
Transverse diameter of neural spine behind anterior zygapophyses..... 25
Transverse diameter of nenral spine at upper end ... 35

a Approximate.

Well preserved ribs (pl. 18, fig. 6) are present with each of the vertebral
centra with this specimen. The form of these ribs is in general similar to that
of the ribs in S. osmonti, excepting that the shaft and head are apparently
somewhat heavier. The posterior side of the shaft is strongly grooved in the
proximal half. The distal portion has been hroken away in all cases. As in
S. osmonti and S. altispinus, the upper portion of the articular faee of the
rib is turned rather sharply outward from the plane of the lower portion of
the face.

Of the known species this form is evidently nearest to S. careyi and S. alti-
spinus. Though the vertebrac cannot be compared closely with the known type
of S. careyi, owing to their not helonging in the same rvegion of the column,
they seem to he somewhat thinner anteroposteriorly. Their fore-and-aft diam-
eter equals about 29 per eent. of the height of the eentrum while in S. careyr it
equals about 37 per cent.

In S. altispinus vertebral centra from a region of the eolimn corresponding
closely to that represented in specimen 9614 are much thicker than in this
speeimen.  Also, the ncural arehes are relatively almost twice as long, and
are much less expanded distally.

Considering that specimen 9614 represents a different part of the vertebral
column from that seen in the type of S. careyi, it is not improbable that it rep-
resents the same specifie type or at least a closely allied species. The extremely
specialized character of the anterior limb found here one would expeet to find
in S. careyr of all the known species, as it is the latest and the largest of the
several types.
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MixXOSAURIDAE OF UNCERTAIN PPOSITION.
CYMBOSPONDYLUS (?) NORDENSKIOLDII (ITulke).

ILelthyosaurus nordenskioldii Hulke, Beihang. K. Svenska Vet. A. ITandhingar. Bd. 1,
no. 1.
Mirosaurus nordenskioldii (Dames), Sitzb. der Acad. der Wiss., Berlin, 1895, p. 1047.

To this species Hulke referred a number of vertebrae and ribs obtained by
A. E. Nordenskiéld in the Triassic of Saurie Hook, Spitzbergen.

The specimens referred to this species represent a smaller form than C.(2)
polaris. The vertebrae present represent the thoracic and eaudal regions. The
dorsal vertebrae (2a) deseribed by Hulke are subeireular, slightly angular, and
approaching a hexagonal form in anteroposterior profile, the greatest width or
transverse diameter nearly equaling the height. The height is about 1.65 in.
The anteroposterior diameter is .35 in. They show anterior and posterior artic-
ular surfaces which are unequally hollow. On one centrum the diapophysial
articular surface is apparently confluent with the neurapophysial articular
surface. The interval between the diapophysis and parapophysis exactly cor-
responded to the interval between the tuberculum and eapitulum of a rib near
by. As it is deseribed, this vertebra might represent a posterior cervical or an
anterior dorsal of cither a shastasaurine or an ichthyosaurine form.

The caudal vertebrae referred to this species were recognized hy Hulke as
differing markedly from the caudals of the tvpical Ichthyosaurus, but their
reference to an ichthyosaurian seemed unavoidable owing to their association
with unmistakable tabular, polygonal ossicles plainly belonging to an ichthyo-
saurian paddle. The caudal centra were characterized by having a vertieal
diameter relatively long as compared with the transverse diameter. The artic-
ular faces of the caudals were characterized by a small but deep pit immedi-
ately below the middle.

The dimensions of a caudal (series 2, d Hulke) were: anteroposterior diam-
eter, .3 in.; vertical diameter, about 1 in.; horizontal transverse diameter, .6 in.

The caudal centra of this species in their general form resemble the centra
of the distal third of the caudal region in Cymbospondylus (see pl. 9, figs. 8a
and 8D), and of other shastasaurine forms, and do not differ greatly from those
of Mixosaurus. (See fig. 124, p. 96.)

Two fragments forming part of the snout of a reptile were found by Hulke
in the Nordenskitld collection from Spitzbergen, and were considered as prob-
ably helonging in the genus Iehthyosaurus. The anterior teeth were smaller
than the posterior ones, and were set in an open continuous groove. The pos-
terior teeth were found to occupy separate sockets, the dentary groove being
interrupted in this region by transverse partitions hetween the teeth. All of
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these teeth showed a simiple oblong cross-section through the neck, the antero-
posterior diameter heing to the transverse as 2:1 or in some cases 2.5:1. A por-
tion of a crown protruding showed relatively coarse longitudinal fluting.

In later examination by Dames (1895) of the specimens studied by Hulke,
the statements of Hulke were substantiated, and attention was called to the
remarkable similarity of these specimens to Mirosaurus ? of the European Mid-
dle Trias. Dames noted several minor differences between the dentition of the
Spitzhergen form and that of M.(?) atavus. In M.(?) atavus the cross-sec-
tions of the teeth were stated by Damies to be nearly round, and the partitions
between the alveoli weak., In the Spitzbergen form the c¢ross-sections are rela-
tively narrow transverselv, and the partitions hetween the alveoli are strong.
According to the observations of the writer the most posterior teeth of M.(?)
atavrus may sliow some lateral compression.

Taking everyvthing into consideration, the affinities of Hulke’s I. norden-
skioldii seem closer with Cymbospondylus than with any other known genus.
The Spitzbergen form differs from Mizosaurus, particularly in the nature of
the rib articulation in the cervical or anterior dorsal vertebrae.

In the great excess of their vertieal diameter, the candal vertebrae of C. (2)
novdenskioldiv were stated by Hulke to resemble a vertebra found by Sir. Ed.
Belcher, in 1852, on Exmouth Island, lat. 77° 16’ N, long. 96° W. This specimen
was figured by Owen in the appendix (p. 389) to Belcher’s ‘“‘Last of the Aretie
Voyvages.”’

CYMBOSPONDYLUS (?) POLARIS (Hulke).

Ichthyosaurus polaris Hulke, Bihang K. Svenska Vet. Ak. Handlingar, Bd. 1, no. 9.
Ichthyosawrus (Mizosaurus) polaris (Dames), Sitzb. der Acad. der Wiss., Berlin, 1895,

p. 1405.
Ichthyosawrus? (Shastasaurus?) polaris (Merriam), Univ. Calif. Publ. Geol., vol. 3,

pp- 87 and 88.
Shastasaurus polaris (Yakowlew), Verh. d. Kais. Russ. Min. Ges., Bd. 40, p. 194.

This species was described by Hulke from fragmentary material obtained
hy A. BE. Nordenskiold in the Triassic of Spitzbergen. Yakowlew (1902, 1)
referred a vertebra to this form. Hulke studied two vertebral series.
One series included eight vertebrae, the other three. In the series of eight ver-
tehrae the outline of one of the centra is described as roughly that of a rather
narrow, long horseshoe. The dimensions of this ecentrnm were as follows:
height, 3.9 in.; transverse diameter, 2.7 in.; anteroposterior diameter, 1.4 in.
About half way down on the side of one centrum was an oblong rib facet 1.2
in. long and .4 in. wide. The facet was slightly contracted at the middle and
extended obliquely downward toward the anterior border of the centrum.

The anterior and posterior faces of the centrum were said to be deeply
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concave, but relative to the whole area the extent of the coneavity was small

and for some distance below the neural canal the surface was nearly plane.
The vertebrae present in the series of eight centra Hulke cousidered as

representing the posterior dorsal or the anterior caundal region. The writer

(1902, 2, p. 88) suggested that they resemble the posterior dorsals of Shas-
tasauruns. The narrow form of the centra favors somewhat Hulke’s suggestion

ge
regarding their position in the anterior caudal region, but the long, narrow rih
articulation is more like that of posterior dorsals in the shastasanrine group.
The limited area of deep concavity on the anterior and posterior faces suggests
the characters of Cymbospondylus petrinus, in which the pos-
terior dorsals are also relatively narrow (pl. 9, figs. 2 and 3)
The three consecutive centra of the second vertebral series
were much compressed laterally and had short rib facets
They may have represented caudals.
) Judging from the available material of this speecies it be-
'\\ longs in the shastasaurine group. It is not possible to make
. \ certain of the genus to which it belongs. The suggestion of
\ Yakowlew and the writer regarding its affinities with Shasta-
| \ saurus were justified in the light of the information at hand,
| ) but with a better knowledge of the genus Cymbospondylus it
Fig. 150. Cymbospondy- . 2 3 £
lus(?) polaris (Hulke) appears that polaris might be placed in that genus with more

Middle dorsal vertebra, re

X 3. (Aftor Yakow, LCASOD than could be advanced for rveferring it to Shasta-
lew.) Saurus.

CYMBOSPONDYLUS (?) NATANS, n. sp.

A perfeectly preserved humerus (no. 9873, see pl. 13, figs. 1e and 1b) from
the Triassic of the West Humboldt Range of Nevada differs so much from the
humerus of Cymbospondylus petrinus that its characters are not covered by the
deseription of that speecies, and possibly not even by the genus Cymbospondy-
fns. In some respeets this specimen approaches the genus Mixosaurus more
closely than does the typical Cymbospondylus.

As indieated by the following measnrements the humerns is relatively short

and hroad and represents a somewhat smaller form than the typical Cymbos-
pondylus petrinus.

MEASUREMENTS OF ITUMERUS, NO. 9873.
Greatest length

53 mm.
Greatest width of distal end s A N T T RN
‘Width of median or shaft region ... 31
ireatest thickness of distal end

.......... ket B S el B 5 =il
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The shaft of the humerus is much shorter than in €. petrinus, and is hroad-
ened by an expansion of the anterior margin.  The posterior half of the prox-
imal end shows a well developed hemispherical articular face which grades
mto a broad, concave articular face immediately anterior to it. On the ante-
rior side of the lower face of the proximal end there is a short but well marked
pectoral ridge. On the distal end, the two articnlar faces arve distinetly sepa-
rated by a prominent angle. The posterior articular face is mueh shorter than
the anterior. The anterior articular face extends over the anterior distal angle

o 5

Q Tig. 152. Cymbospondy- :
lus(?) matans, n. sp. Fig. 153. Mizosaurus

A portion of an an- cornalionus (Bassani.)

terior limb, X 4. Proximal portion of
’ an anterior limb,
: X 1%. (Adapted

from Repossi.)

Fig. 151. Cymbospondylus pe-

trinus  Leidy. Proximal
portion of anterior limb,
X 4.

and along the anterior margin for ahout three-fourths of the distance to the
proximal end. The apparent extension of this face over the anterior horder
probably represents no more than a cartilage covered surface. The anterior
articular face is concave transversely and convex in the direction normal tp the
plane of the distal end. The posterior face is convex transversely and eoneave
in the direction normal to the plane of the end.

To this speecies the writer is inclined to refer tentatively a small specimen
(no. 11229; fig. 152) representing a portion of the epipodial and mesopodial re-
gion of a limb, accompanied by a number of rather slender ribs. The epipodial
elements appear to be less constricted than in Cymbospondylus petrinus. and
have much the same form as Mixosaurus corunaltanus. The element whieh ap-
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pears to represent the radius was evidently not deeply concave anteriorly, and
the ulna was possibly not constricted medially.

The elements of the mesopodial region are angular instead of rounded.
There are in the proximal row three elements closely resembling the radiale,
mtermedium and ulnare of Mirosaurus. Behind the ulnare there is a portion
of a third element which may represent the pisiform of Mirosaurus. Articu-
lating with the ulnare there are two elements in the distal row of the carpus.
The anterior of these two shows a small contact with the intermedinm. The
distal end of the intermedium is not complete.

With this speeies there may also be placed tentatively several series of candal
vertebrae representing a primitive type of eaudal fin. One of these specimens
(no. 10624 ; see pl. 10, fig. 1) is a part of an individual somewhat larger than
that represented by the humerus standing as the type of this speeies. Other
specimens showing mueh the same type of caudal vertebrae as those in no.
10624 belong to smaller individuals.

The vertebral centra in the eaudal series mentioned above are high and nar-
row. They vary somewhat in anteroposterior diameter in different specimens.
On specimen 10624 well marked diapophyses are present. The anterior and
posterior articular faces are not well shown, but as nearly as ecan be determined
they are not deeply coneave from the margins inward, but are probably of the
form seen in the caudals of Cymbospondylus petrinus (pl. 9, fig. 8).

The upper arches are greatly elongated, the height amounting to more than
two and one-half times that of the centrum in one case. Though much clon-
gated the neural arches are not greatly compressed laterally. Zygapophysial
notches are noticeable particularly on the posterior margins of these arches.

The lower arches are also very long, their length almost equaling that of the
neural arches. Their attachment to the centra cannot be clearly made out in
every case. In one instance a suture between an articular head of a lower arch
and the eentriim can be clearly seen. In other cases the lower arches may pos-
sibly be fused with the centra, as in the mosasaurian genus Clidastes.

IcHTHYOSAURUS Koenig.

Single articulation of presacral ribs found only in the posterior dorsal re-
gion, Hypocentral elements of caudal region not meeting to form Y-shaped
arches. Distal region of caudal series sharply decurved. Lateral zygapophy-
sial faces united to form single anterior and posterior facets. Seapula narrow
distally. Pelvie elements much reduced. Epipodial elements short, rarely sep-
arated by a cleft. Phalangeal elements short, with angulated or rounded max-
gins. Maxillary relatively short compared with the premaxillary. Orbits very
large. Postorbital bar narrow. Teeth numerous, isodont, situated in open
grooves.
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Several of the Triassie ichthyosaurian forms which are represented by frag-
mentary material seem to stand nearer to Ickthyosaurus than to any of the
tyvpical Triassic genera, and may be referred tentatively to that genus. It is
not improbable that some of these when represented by better material may
be shown to be generieally distinet from Ichthyosaurus. On the other hand it
is to be presumed that Iehthyosaurus was in existence in late Triassic time, and
there appears to be no reason why it should not be represented in the forma-
tions of that period in Enrope where it was so abundant in the early Jurassie.

ICIITIIYOSAURUS CARINATUS Sauvage.

Ichthyosaurus carinatus Sauvage, Ann. Se. Geol,, t. 7, art. 6, 1876,

From the Rhaetie of the vicinity of Autun, France.

According to Sauvage this species is large, and is eharacterized by the flat-
tening of the centrnum and the carina of the inferior face of the centrum in the
middle dorsal region. The anterior dorsal centra are oval; the artieular faces
are deeply concave; the diapophyses and parapophyses are widely separated.

MEASUREMENTS OF AN ANTERIOR DORSAL CENTRUM.

Anteroposterior diameter of eentrum ... Lot S G R0
Height of eentrum . . .. 160
Width of eentrum .. s RO ST N T 1 N 145
Length, 100; hemht ‘)66 w1dth "4"
MEASUREMENTS OF A MIDDLE DORSAL CENTRUM.
Anteroposterior diameter of eentrum ... 57 mm.
(S RO R C G ot e s e s T e 0 s e At B B e 168
W AGTIEOE CONTININ <. L. e esssssccimssonst e . o AL,

Length, 100 ; height, ‘)9) “ld‘[h 303.

The specimens figured by Sauvage (1883, pl. 8) seem to represent a form
which is generically closely allied if not identical with Iehthyosaurus.

ICTITHYOSAURUS(?) RHETICUS Sauvage.

Ichthyosaurus rheticus Sauvage, Ann. Se. Geol,, t. 7, art. 6.
Rachitrema pellati Sauvage, Ann. Se. Geol,, t. 14, art. 3, p. 5; and Bull. Soe. D Hist.
Nat. D’Autun, t. 16, p. 315.

From the Rhaetie of the vicinity of Autun, France.

This is a large speeies in whieh the eentra of the dorsal vertebra are mueh
higher than long (anteroposterior diameter or length, 100; height, 234 ; width,
94‘%) The centra are strongly biconcave, the coneavity commeneing at the
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margin. There is no ridge on the inferior face of the centra. The diapophy-
ses and parapophyses are large and are nearly in contact on the speciniens
deseribed.

Of this speeies there was originally described a small amount of material
representing vertebrae, ribs, a portion of a secapula, and a femur. Other ma-
terial originally deseribed under the name Rachitrema pellati
B has recently been referred by Sauvage (1903) to 1.( ?) rheti-
cus. Von Huene (1902, p. 71) has suggested that Ruchi-

trema is an ichthyosanrian rather than a dinosaur.

The material which has been referred to 1.(?) rheticus
and to Rachitrema pellati hy Sauvage, and was fignred by
him (1883), appears to represent an ichthyosaurian having
its closest affinities with the Ichthyosanrinae. The vertebra
of 1.(?) rheticus figured by Sauvage (1883, pl. 8, fig. 4a) evi-
dently represents a middle dorsal in which the diapophyses
arc almost in contact with the large parapophyses (fig. 154).
In no representative of the shastasaurine group are parapo-

Fig. 154. Ichthyosen- physes known behind the region in whieh the diapophysial

rus(?) rnetieus. Sau-

vage. Outline, sile altieular faces become separated from the nenrapophysial
iew, of middle dor- . -

vl vertebral  cen. Taces. The upper arch referred to Rachitrema pellati is how-
trum, - sligntly re-ayeyr gomewhat more primitive in its charaeters than the eor-
duced. (Adapted

from Sauvage.) responding arches of the Jurassic ichthyosaurs.

ICHTHYOSAURUS(?) HECTORI Lydekker.

Ichthyosaurus australis Heetor, Trans. New Zealand Inst., vol. 6, p. 355.
Iehthyosawrus hectori Liydekker, Catlg. Foss. Rept. Brit. Mus., pt. 2, p. 113.

In the collections of fossil reptilia of New Zealand examined by Heetor, the
genus Ichthyosaurus was represented by a single vertebral centrum, in a mica-
ceous sandstone from the roecks of Mount Potts, in the Rangitata distriet of the
provinee of Canterbury. The heds were said to be identieal with strata that
in other parts of the colony were considered to be Triassie.

The name I. australis, which Hector first used for this form, having been
nsed for a Cretaceous species from Australia, Lydekker named the species
after Heetor.

So little is known of this form that no snggestion regarding its affinities
can be made.

ICIITHYOSAURUS, sp.

To this genus there have been referred a number of iehthyosaurian remains
obtained in Rhaetie beds at Anst Cliff near Buristol, England. This material
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